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OXIDATIVE DEGRADATION OF SILK. II1 
MINNIE LICHTE AND RACHEL El>cAR 
From the Sections of Home Eccnwmic.s (Textiles and Clothing) and Chemistry, low 
Agricultural Experiment Station 
Accepted for publication July 27, 1937 
In order to compare the action on silks of permanganate in acidic 
solution with that in aqueous solution (2) similar plain-woven wild-silk 
fibroin and silk fibroin (table 1) and the same lead-weighted silk were 
analyzed for weight, ash, nitrogen, and wet strength, and the same iron-
weighted, tin-weighted, tin-lead-weighted, and zinc-weighted silks for wet 
strength, after ten hours at 40°C. in fifty volumes of a range of concen-
trations of potassium permanganate, 0.06 M as to sulfuric acid. Before 
analysis the residual silks were freed of manganese dioxide in thirty min-
utes by fifty volumes of 0.05 M sodium hydrogen sulfite and washed in 
water until the rinse no longer reduced permanganate. 
1. 
2. 
3. 
4. 
5. 
TABLE 1. Analysis of fabrics 
Wild-Silk 
pongee 
Weight, ounces per square 11ard 1.28 
Thickness, inch 0.0042 
Yarns 
(a) Distribution 
Number per inch, warp 79 
filling 67 
Percentage by weight of fabrics, warp 49.l 
filling 49.4 
(b) Count, thousand yards per po'Und, warp 84.6 filling 70.7 
(c) Twist, number per inch, warp 0 filling 0 
Breaking strength of fabric 
(a) Conditioned, pounds per inch, warp 24(0.9) •• 
(b) Wet, percentage of dry, warp 
filling 21(0.5) •• 
79 filling 86 
Elongation at breaking load, percentage 
(a) Conditioned, warp 27 filling 25 (b) Wet, warp 33 filling 31 
•Two left-twisted yarns alternated with two right-twisted. 
••Average deviation. 
---
Silk crepe 
2.03 
0.0074 
287 
103 
58.9 
41.2 
135.8 
81.4 
0 
54*(2) .. 
53(2.3)** 
32(0.5) •• 
72 
78 
34 
28 
35 
35 
1 Journal Paper No. J-467 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project 262. 
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The fabrics were prepared for analysis as before except that the silk 
fibroins were extracted ·with petroleum ether instead of diethyl ether. 
The experimental procedures and methods of analysis were the same. 
TABLE 2. Weight, nitrogen, and wet strength of fabrics afrer ten hours in fifry vol-
umes of 0.06 M sulfuric acid at 40°C. 
Breaking 
Fabric Weight Nitrogen 
strength 
of wet warp 
percentage of original pounds 
fabric per inch 
A. Iron-Weighted silk crepe 26 
B. Lead-Weighted silk crepe 91.2 8.64 19 
c. Tin-Weighted silk crepe 19 
D. Tin-Lead-Weighted silk crepe 19 
E. Zinc-Weighted silk crepe 18 
F . Silk crepe 99.9 18.47 33 
G. Wild-Silk pongee 99.9 18.30 18 
TABLE 3. Weight of fabrics afrer ten hours in fifry volumes of oxidant at 40°C. 
Potassium Suliuric Wild-Silk Silk Lead-
permanganate acid fibroin fibroin Weighted silk 
molarity molarity percentage of acid-treated 
0.0028 0.06 99.5 99.6 96.8 
0.0054 99.3 99.3 96.4 
0.0154 98.1 98.2 96.4 
0.0214 97.3 96.8 
0.0337 96.1 96.1 
0.0404 94.8 92.3 
TABLE 4. Ash of fabrics after ten hours in fifry v olumes of oxidant at 40° C. 
Potassium Sulfuric Wild-Silk Silk Lead-
permanganate acid fibroin fibroin Weighted silk 
molarity molarity percentage of acid-treated 
0.0000 0.06 0.08 0.03 35.81 
0.0028 0.16 0.06 36.71 
0.0054 0.26 0.11 37.08 
0.0154 0.49 0.19 37.36 
0.0214 0.68 0.23 
0.0337 0.86 0.72 
0.0404 0.94 0.85 
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TABLE 5. Nitrogen of fabrics after ten hours in fifty volumes of oxidant at 40°C. 
Potassium Sulfuric Wild-Silk Silk Lead-
permanganate acid fibroin fibroin Weighted silk 
molarity molarity percentage of acid-treated 
0.0028 0.06 99.2 100.1 99.1 
0.0054 99.1 98.7 98.3 
0.0154 98.6 98.5 94.9 
0.0214 97.5 98.0 
0.0337 95.5 96.3 
0.0404 94.0 93.6 
TABLE 6. Wet strength of fabrics after ten hours in fifty volumes of oxidant at 4-0° C. 
Potassium Sulfuric 
permanganate acid A B c D E F' G' 
molarity molarity percentage of acid-treated 
0.0028 0.06 85 84 79 74 83 91 94 
0.0054 77 68 63 47 61 64 83 
0.0154 77 26 45 67 
0.0214 33 56 
0.0337 3 44 
DISCUSSION OF RESULTS 
The similar percentile losses of weight and nitrogen by the wild-silk 
fibroin and silk fibroin in acidic permanganate (tables 2, 3 and 5) and 
wild-silk fibroin in aqueous permanganate suggest that superficial solu-
tion of these proteins has occurred rather than elimination of derivatives 
of different nitrogenous content. The greater loss in weight of silk fibroin 
than wild-silk fibroin in 0.0214 M permanganate may be explained by the 
lower ash (table 4). 
Aqueous (3, 1) and acidic permanganate (4), displaced industrially 
by hydrogen peroxide as a bleach, are still commonly used in approxi-
mately tenth molar solution for the removal of stains from silk (6). 
Acidic solutions are shown more desirable for this because all the silks 
but the lead-weighted retained measurable wet strengths at concen-
trations double those at which their lowest strengths occurred in aqueous 
permanganate (table 6). This greater loss of strength by the silks and 
the greater loss of nitrogen by silk fibroin and lead-weighted silk in aque-
ous permanganate may be due in part to the resultant alkali (5, 7). 
SUMMARY 
1. Plain-woven fabrics of wild-silk fibroin, silk fibroin, and lead-
weighted silk were analyzed for weight, ash, nitrogen, and wet 
strength, and plain-woven iron-weighted, tin-weighted, tin-lead-
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weighted, and zinc-weighted silks for wet strength, after ten hours at 
40°C. in fifty volumes of 0.0028 to 0.0404 M potassium permanganate, 
0.06 Mas to sulfuric acid. 
2. The ash of the wild-silk fibroin, silk fibroin, and lead-weighted silk in-
creased slightly with increasing concentration of oxidant. 
3. Loss of strength exceeded that of protein. The strength of wild silk 
fibroin decreased less than that of silk fibroin; the iron-weighted lost 
less and the tin-lead-weighted more than the lead-weighted, tin-
weighted and zinc-weighted silks which approximated that of silk 
fibroin at 0.0054 M potassium permanganate. 
4. Percentile losses of weight by both wild-silk fibroin and silk fibroin, 
in aqueous and in acidic permanganate of the same molar concentra-
tion, agreed within experimental error. 
5. Percentile losses of nitrogen by wild-silk fibroin and silk fibroin in 
acidic permanganate, and wild-silk fibroin in aqueous permanganate 
were the same as the percentile losses in weight, and were less than 
those of the lead-weighted silk. A greater loss of nitrogen by silk 
fibroin and lead-weighted silk and a far greater loss of strength by 
all the silks occurred in aqueous than in acidic permanganate. 
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SEED IMPERMEABILITY AND VIABILITY OF NATIVE AND 
INTRODUCED SPECIES OF LEGUMINOSAE1 
MARY ERNE-JEAN HUTTON AND R.H. PoRTER2 
From the Botany and Plant Pathology Section, Iowa Agricultural Experiment Station 
Accepted for publication July 30, 1937 
The production of impermeable seeds by plant species in a number 
of plant families, both cultivated and wild, has long challenged the atten-
tion of botanists throughout the world. The legume family is one of the 
most important in which seed impermeability is a characteristic condition. 
Within recent years soil erosion has come to be recognized as a prob-
lem of national importance, the solution of which has an important bearing 
on the future well-being and prosperity of the people of the United States. 
Efforts to control erosion by mechanical methods have been only partially 
successful. Students of the erosion problem are rapidly recognizing that 
permanent plant cover on lands subject to erosion offers the most hopeful 
and effective method of prevention and control. Grasses have long proved 
their ability to hold soils and prevent both blowing and washing, but one 
of the most urgent problems today is to prevent not only further erosion 
but to rebuild lost fertility. This latter need must be met in part by the 
use of suitable legumes. A logical study, therefore, is to (1) determine 
what native species of the Leguminosae possess characteristics suitable 
for erosion control and (2) investigate methods of propagating such 
species. The propagation of any plant species is largely dependent on seed 
production and viability, and in the legume family seed impermeability is 
of decided importance. 
In order to understand the methods of propagation exhibited by cer-
tain species of legumes native to or naturalized in Iowa, the investigations 
reported in this paper were undertaken. 
PERTINENT LITERATURE 
Inasmuch as an understanding of seed impermeability is dependent on 
a knowledge of the work of other investigators, a review of the general 
literature is presented here. Citations having a relationship to specific ex-
periments will be discussed in the sections dealing with each experiment. 
In 1916 Crocker (7) reported on the mechanics of dormancy in seeds. 
He found that dormancy is caused by the inhibition of one or more pro-
cesses preceding or accompanying germination. He stated that seed coats 
are important because they do not always permit water to enter the seed 
and may prevent the exchange of oxygen and carbon dioxide. It is his 
opinion that after-ripening may effect changes in the seed coats as well as 
.'Journal Paper No. J482 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
ProJect No. 428. 
2 The authors wish to thank Dr. J. E. Sass for his helpful suggestions and criticisms 
on the histological phases of the problem, and Miss Marie Corkle for the drawings 
in Figs. 1, 2 and 3. 
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in the embryos, and that treatment with acids or bases, freezing and thaw-
ing, high temperatures and light may force germination. 
Denny (10), who worked on the composition of membranes as related 
to permeability, found that the substances which determine permeability 
to water were lipoids, tanins, and pectic substances. He concluded that 
suberized layers were of little significance in the membranes studied and 
he could not detect the presence of soluble protein. Pammel (29), work-
ing with numbers of different legumes, found them all to possess a layer 
of cuticle which he thought prevented the entrance of water. In some 
cases the cuticle extended into the caps of the palisade cells. Raleigh (31) 
found that the Malphigian or palisade layer of Gymnocladus dioica con-
tained pectic substances which he thought were the cause of imper-
meability. 
Bergtheil (2) stated that impermeability of seeds of Indigofera arrecta 
was caused by the possession of a thin outer covering resistant to water. 
White (41), working with seeds of the same species, observed a structure-
less cuticle on the exterior of the seed coat. Rees (32) thought impermea-
bility was caused by the presence of cutin either as an exterior membrane 
or in the walls of the palisade cells or both. Rogers (33) worked with 
seeds of Amorpha nana and found three layers in the seed coat, the two 
outer ones made up of cellulose interspersed with hemicellulose. He con-
cluded that impermeability was probably brought about by some condi-
tion in the outer part of the outer layer of the seed coat. 
Coe and Martin (6) decided that in sweet clover the light line was 
responsible and that its density was one of the chief causes of imper-
meability. Nelson (27) investigated the impermeability of seeds of sweet 
peas and other legumes and developed the idea that the pods of legumes 
deposited a varnish on the seed coats which caused them to become im-
permeable. Helgeson (16) was able to pick immature, permeable sweet 
clover seeds, hull them, and by subsequent drying, change the condition to 
one of impermeability, thereby suggesting that permeability and imper-
meability may be reversible. Harnly (14) concluded that impermeability 
in seeds of sweet clove1· is effected by the suberin caps of the Malphigian 
cells, but Denny states that suberization is not significant in creating an 
impermeable condition. Lute (20) found that in alfalfa impermeability 
was developed in the outer ]ayer of palisade cells. In general, investiga-
tions have indicated that hard seed coats are caused by cutinization of the 
exterior of the seed coat or of the palisade layer as well. 
Ewart (11) found that impermeability is important because it in-
creases the life period of seeds. Impermeable seeds of many legumes were 
found to be viable after fifty years of storage, thereby providing a means 
by which plant species may survive over a period of time. 
MATERIALS AND METHODS 
Four general types of experiments have been carried on in this study. 
They may be classified under the following headings: 
1. The viability of seeds after harvest and the effect of subsequent 
storage on viability and impermeability. 
2. The correlation of the development of impermeability with stages 
of maturity. 
SEED IMPERMEABILITY AND VIABILITY OF LEGUMINOSAE 7 
3. Methods of reducing the percentage of impermeability in seed 
lots. 
4. The determination of the region through which water first enters 
permeable seeds. 
Seeds of Stro-phostyles helvola (L.) Britton., Lespedeza capitata 
Michx., Lespedeza virginica (L.) Britton., Amorpha fruticosa L., Robinia 
pseudacacia L. and Glycine max Merr. were used in the investigations 
herein reported. With the exception of R. pseudacacia and G. max, which 
are naturalized species, all of the plants studied are native to Iowa. Seeds 
of S. helvola, L. capitata, L. virginica and R. pseudacacia were harvested 
in 1933 while those of A. fruticosa were harvested in 1934. The only ex-
periments, in which 1936 seed was used, are those dealing with the de-
velopment of impermeability in immature seeds and studies with seeds 
of G. max. All of the seeds, excepting those of R. pseudacacia and G. max, 
were harvested in the pods and removed from them by hand to prevent 
injury to the seed coats. R. pseudacacia seeds were removed from the 
pods by machinery. 
Germination tests were made in standard germinators, the seeds being 
placed at 20°C. for sixteen hours and at 30°C. for eight hours. Prelimi-
nary tests which were made at constant temperatures of 20°C. and 30°C., 
and at alternating temperatures showed that the germination tempera-
tures used had little effect on the total germination of the seeds, but that 
at the alternating temperature the results were obtained in less time than 
at either of the constant temperatures. In all of the tests the seeds were 
placed between standard germination blotters such as are used in the seed 
laboratory and in one series of experiments additional plantings were made 
in sand and in the field in order to compare germination reactions in the 
field with those in the laboratory. Early tests were allowed to run for 
periods as long as three months, but it was found that there was a small 
percentage of germination after fifteen days and that the bulk of the 
germination occurred before the tenth day. Subsequent tests, therefore, 
were completed in from fifteen to twenty days. In making the germination 
readings four groups were recognized as follows: (1) normal seedlings, 
(2) abnormal seedlings, (3) dead seeds, and (4) impermeable seeds. 
Normal seedlings were tho':le which to all appearances were capable of 
producing plants under reasonably favorable conditions. Abnormal seed-
lings included those with broken cotyledons, a shriveled radicle arrested 
in development, or a watery hypocotyl. Dead seeds were soft and mouldy. 
Impermeable seeds were hard, normal in color, and of normal size when 
the tests were completed. 
The conditions described in the foregoing paragraph applied to all of 
the experiments which were carried on. Further discussion of procedures 
will be found in sections dealing with specific experiments. 
EXPERIMENTAL RESULTS 
THE VIABILITY OF SEEDS AFTER HARVEST AND THE EFFECT OF SUBSEQUENT STORAGE 
ON VIABILITY AND IMPERMEABILITY 
The effect of storage on legume seeds is of considerable practical im-
portance. In 1908 Ewart (11) , who was working on seeds of a great num-
ber of plants, reported that some legume seeds germinated after a period 
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of fifty years and that those species with a large number of impermeable 
seeds germinated better at the end of that time than did those in which 
the seeds were all permeable. 
Harrington (15) worked with a number of cultivated legumes, study-
ing the impermeability at the time of harvesting and after storage. He 
found that freshly harvested red clover seed, hulled by hand, contained as 
much as 92 per cent impermeable seeds, and that the percentage of im-
permeability dropped only five per cent after one year of dry storage. 
Alsike clover contained 91 per cent hard seed when harvested and no 
seeds became permeable during the first year of storage. White clover 
contained 98 per cent hard seed when harvested and 90 per cent after 
one year. Sweet clover contained 98 per cent of impermeable seed at the 
time of harvesting and no reduction in impermeability occurred during 
the first year. Alfalfa, however, which contained only 32 per cent hard 
seeds when harvested had seven per cent hard seeds after one year. When 
seeds of these legumes were stored in manilla envelopes for five years, the 
impermeable seeds of red, white, alsike, and sweet clover became per-
meable very slowly although red clover seeds changed from impermeable 
to permeable somewhat more rapidly than the others investigated. 
Goss (12) reported in 1924 on seeds of various legumes which had 
been buried in the soil in 1902. At the end of 21 years he found that 15 to 
48 per cent of the seeds of .Lespedeza frutescens and 27 per cent of the 
seeds of R. pseudacacia remained impermeable. Both red and white clover 
seed lots contained hard seeds at the end of the test. Helgeson (16) sub-
jected seeds of white clover to three sets of storage conditions for three 
years: (1) out of doors, (2) room temperature in the laboratory, and (3) 
7°C. at high humidity. He found that storage in the laboratory and in the 
cold room increased the number of impermeable seeds 12 per cent, while 
storage out of doors reduced the number of impermeable seeds 20 per cent. 
Middleton (22) found that Korean Lespedeza possessed 20 to 50 per 
cent impermeable seeds when harvested, but that storage for five months 
reduced the amount of impermeable seeds to eleven per cent. 
Stevens and Long (37) tested the germination of Melilotus alba and 
M. officinalis in 1912 and again in 1923. 
In both cases the germination of the freshly harvested seed was ex-
tremely low in 1912 and the number of impermeable seeds was very high. 
The percentage of impermeable seeds remained quite high after eleven 
years. 
Porter (30) found in tests of R. pseudacacia which were made within 
a few months after harvesting that the impermeable seeds numbered 77.5 
per cent, that 22.5 per cent were soft, and that 18.25 per cent produced 
normal seedlings. 
Lute (20) found that seeds of alfalfa became permeable in one year 
or less under storage conditions. Jones (17) was able to reduce the 
amount of impermeable seed in vetch by storing the seed in a humid 
atmosphere. Watt (39) found that storage under cool, dark conditions 
does not reduce the percentage of hard seed in sweet clover. 
The following experiments were undertaken to determine the via-
bility of seeds of the species used, after harvest and after a two-year 
storage period. Lots of 200 seeds each of S. helvola, L. capitata, and L. 
virginica were used. Germination tests were made in January of 1934 and 
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again in 1936. During the storage period the seeds were kept in cloth bags 
and were exposed to the changes in temperature and humidity of the 
laboratory. Germination was classified as N, normal; A, abnormal; D, 
dead; and H, hard. The results are given in table 1. 
TABLE 1. A comparison of the germination of S . helvola, L. capita.ta and L. virginica 
in 1934 and 1936 
S. helvola L. capitata L. virginica 
Germ. 1934 1936 1934 I 1936 I 1934 1936 
N 33.0 37.0 3.0 4.5 8.5 3.5 
A 0.0 0.0 0.0 0.0 0.0 0.0 
D 12.0 3S.O 8.5 26.0 11.5 21.5 
H 55.0 30.0 88.5 69.5 80.0 75.0 
In general, the data presented in table 1 show that the percentage 
of impermeable seed is high in the species tested at the time of harvest, 
that during storage impermeability is gradually reduced, and that unless 
suitable growing conditions are provided when the seeds become per-
meable they soon lose their vitality. 
CORRELATION OF THE DEVELOPMENT OF IMPERMEABILITY IN SEEDS WITH STAGES 
OF MATURITY 
Little work has been done on the relation of moisture content of de-
veloping seeds to their impermeability although for many years it has 
been known that impermeahility develops after seeds have reached a cer-
tain stage of maturity. Watt (39) found in Meliotus alba that the light 
line appeared within sixteen days after pollenization and that the seed 
coat was mature in twenty days. Raleigh (31) mentions in the case of 
Gymnocladus dioica that impermeability of the seed coat seems to be 
caused by a general shrinking and condensation of the seed coat in drying. 
Helgeson (16) tested the germination of lots of immature seed of 
sweet clover which he distinguished by the terms "yellow pod" and 
"brown pod". Both types of seed had higher moisture percentages than 
ripe seed, that of the "yellow pod" lots being higher than that of the 
"brown pod" lots. His investigations showed that seeds from the "yellow 
pod" lots germinated 100 per cent in ten days, while seeds from the "brown 
pod" lots contained 43 per cent impermeable seed at the end of that time. 
Mature seed showed 86.5 pe~ cent impermeable seeds. 
Harrington (15) performed some experiments dealing with the in-
fluence of maturity on the rate of softening of impermeable seeds of red 
and alsike clover. He found that in lots of rather immature red clover 
78 per cent of the impermeable seeds softened in one month and 100 per 
cent softened in 13 months. In the lots of well matured red clover seed only 
five per cent of the impermeable seeds softened in one month and 44 per 
cent softened after three years. Alsike clover showed a similar condition. 
The experiments described below were planned and executed for the 
purpose of determining what relationship, if any, exists between the im-
permeability and relative maturity of seeds in samples of S. helvola. The 
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index of maturity used wa~ the percentage of moisture in the seeds im-
mediately after harvest. 
Seed pods of S. helvola were gathered from plants in the field in Sep-
tember, 1936, placed in manilla envelopes and carried to the laboratory in 
a vasculum. Each envelope was removed in order, and the seeds shelled 
by hand, after which they were divided into three groups. Seeds in the 
first group were bright green in color, and although they seemed firm and 
well developed they were considerably larger than mature seeds. Seeds 
of the second group showed darkening around the hilum and were de-
veloping the pubescence or scaliness which characterizes the seed coats 
of mature seeds. Seeds in the third group were dark brown in color, very 
pubescent, and produced a ringing sound when dropped on glass. They 
were about the size of normal, mature seeds. Each lot of seed was divided 
into two portions, one of which was tested for germination, the other for 
the percentage moisture. Samples used for moisture tests were weighed, 
dried for 48 hours at 100°C., then reweighed. All of the moisture percent-
ages were calculated on the green weight basis. The results of these ex-
periments are given in table 2. 
TABLE 2. Comparison of moisture percentage, appearance, and germination of seeds 
of S. helvola at different stages of maturity 
Sample Appear- Green wt. Dry wt. Pctg. Number Pctg. germination 
ance grams grams moisture seeds N A D H 
1 Green 7.731 2.096 57.87 190 64 1 35 0 
Firm 
2 Hilum 8.946 5.096 43.04 200 100 0 0 0 
Dark 
3 Dark 8.844 7.059 20.18 200 48.5 0 0 51.5 
Hard 
In general, it may be concluded from the data in table 2 that when 
seeds of S. helvola contain 57.87 per cent moisture the embryos of many 
seeds are too immature to germinate, that at 45 per cent moisture they 
are mature and germinate readily, and that when the moisture percentage 
falls below 21 per cent impermeability develops rapidly. 
METHODS OF REDUCING THE PERCENTAGE OF IMPERMEABILITY IN SEED LOTS 
For many years botanists, agronomists and seed analysts have been 
interested in methods of reducing the number of impermeable seeds in 
seed lots. Many methods have been tried with varying degrees of success. 
The most important of these have been scarification and treatment with 
sulfuric acid. Scarification of seeds of cultivated legumes by means of 
abrasives has long been practiced by seedsmen, but it has been found that 
certain kinds of machines increase greatly the number of abnormal 
sprouts and dead seeds. Graber (13) states that although scarification 
increases immediate germination it decreases longevity of alfalfa seeds. 
Nelson (24), working with red clover, found that abrasion methods of 
reducing the hard seed content of seed lots caused broken cotyledons and 
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that damage was greatest in large seeded lots. He indicated (26) that 
the injury might not be so important in the field as it was in the labora-
tory. He stored scarified seed (25) in dry and moist conditions and found 
that at the end of 400 days those stored dry had from 33 to 43 per cent 
dead seeds, whereas, those kept in a moist condition contained 23 per cent 
dead seeds. The more severe the abrasion the greater the loss in vitality 
of the seeds stored dry. This indicates that breaking of the seed· coats 
by abrasion may permit the seeds to lose moisture and so kill them in 
addition to the danger of destroying the embryos. Stewart (26) stated 
that scarification increased germination but that most of the increase 
was represented by abnormal seedlings. Rose (34) suggested scarifying 
seeds by blowing them against a bank of needle points. This method had 
the advantage of not breaking the embryos and did increase the percent-
age germination of hard seeded lots. 
Treatment of seeds with sulphuric acid is a method of reducing im-
permeability which also has been in use for some time. Love and Leighty 
(19) were able to raise the germination of red, white, sweet, alsike and 
Japan clover by treatments with concentrated sulphuric acid for not more 
than one hour. Any longer period caused injury. Jones (17) was able to de-
stroy the impermeability of vetch seed by use of sulphuric acid and deter-
mined that it destroyed the cuticle and the outer layer of the Malphigian 
cells. Rogers (33) , working with Amorpha. nana, hastened germination 
by several days and slightly increased total germination by subjecting 
seeds to 80 to 100 per cent concentrations of sulphuric acid for five to 
seven minutes. Thornber (38) found that a mixture of sulphuric acid 
and chromic acid is effective in reducing impermeability in seeds of 
Robinia, Gleditsia and Gymnocladus. 
Many experiments have been performed to determine the effect of 
temperature on hard seeds. Both high and low temperatures have been 
investigated. Thornber (38) stated in 1904 that seeds of Acacia germinated 
readily when submitted to treatment with water at 85°C. to 88°C. for two 
to six minutes. McNair (21) increased the germination of Trifolium re-
flexum seed 60 per cent by boiling it for 60 seconds. By first soaking it in 
cold water for twelve hours and then boiling it for 60 seconds he was able 
to increase the germination to 93 per cent. Breasola (3), while working 
on a method to destroy dodder seeds in lots of legume seed, found that 
heating to 75°C. for one hour did not kill the dodder seeds and in some 
cases improved their germination by reducing the percentage of hard seed. 
An anonymous note (1) gives a treatment with hot water at 50°C. to 70°C. 
as a method of bringing about the germination of hard seeds. In 1925 
Staker (35) investigated the effect of dry heat on the germination of 
alfalfa. He found that heating at temperatures between 60°C. and 90°C. 
increased the germination by reducing the percentage of impermeable 
seeds. Seeds which were low in vitality were killed by this treatment. 
His results are in accord with those of Stewart (36), who treated seeds 
of alfalfa at a temperature of 85°C. for four hours and increased germina-
tion, and those of Lute (20), who increased germination of alfalfa 25 per 
cent by a treatment of 80°C. for two hours. Lute found that if seeds were 
treated for over five hours the percentage of germinating seeds was less-
ened. Rogers (33) was unable to cause a reduction of hard seeds in A. nana 
by the same methods. Harnly (14) found that permeability of the seed coat 
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could be brought about in sweet clover by a moderate heating. Harring-
ton (15) found that with dry heat at 45°C. he got a small reduction in the 
percentage of impermeable seeds. 
Some work has been done on the effect of freezing and sub-freezing 
temperatures on the permeability of seeds. In 1898 Brown and Escornb 
(4) reported that temperatures as low as -198°C. and -192°C. had no 
effect on the germination of impermeable seeds. In 1916 Harrington (15) 
mentioned that impermeable seeds of legumes resist freezing, and stated 
that if seeds do respond to freezing in a wet condition the permeable seeds 
are killed. In 1928 Midgley (23) worked on the effect of alternate freez-
ing and thawing on the impermeability of alfalfa seed and found that the 
first freezing reduced the number of impermeable seeds 23 per cent and 
that subsequent thawing and freezing had little or no effect. He found 
that freezing dry seed was as effective as freezing seeds in a moist environ-
ment. Busse (5) in 1930 reported on the effect of freezing seeds of alfalfa 
and sweet clover in liquid air. A temperature of -190°C. caused the 
seeds to become permeable and did not cause any injury to the seeds. A 
temperature of -80°C. brought about a permeable condition in alfalfa 
but had no effect on sweet clover. When Rogers tried freezing experi-
ments on seeds of A. nana no reduction of impermeability was obtained. 
Davies (8) has studied the effect of high pressures on impermeability. 
He increased the germination of alfalfa and sweet clover 30 per cent by 
exposing the seeds to 500 to 2,000 atmospheres of pressure at 18°C. for 
five and ten minute periods. He found that exposure to high pressures 
for short periods of time was more desirable than exposure to low pres-
sures for longer periods. 
The latest method of reducing impermeability in legume seeds is that 
of shaking, which was first used by Harnly (14) in 1932. He placed seeds 
of M. alba in a 500 cc. Florence flask and shook them for ten minutes at 
three oscillations per second, thereby raising the percentage of permeable 
seeds from 0.5 per cent to 91.0 per cent. Porter (30) used this method on 
seeds of R. pseudacacia and found that shaking for twenty minutes in a 
.two-liter glass bottle increased the percentage of germinating seeds from 
fifteen to ninety per cent. 
Of the types of methods for reducing the impermeability of seeds dis-
cussed above the following were studied in the investigations recorded 
here; namely, (1) heat treatments at 65°C. and 85°C. for varying periods, 
(2) freezing and thawing with various modifications, (3) scarif:ication 
by means of abrasives and sulphuric acid, and (4) shaking for different 
periods of time. 
Seeds of L. capitata, S. helvola, and A. fruticosa were treated by the 
methods mentioned in the foregoing paragrapq. Reactions of shaken and 
unshaken seeds of these species, and of L. virginica and R. pseudacacia in 
blotters, sand and field conditions were studied as well. 
Each group of seeds which was subjected to temperatures of 60°C. 
and 85°C. for varying periods was divided into two lots, one of which 
remained dry throughout the treatment while the other was covered with 
water. The seeds were placed in small bottles. Those which were sub-
jected to moist heat were covered with tap water and were thorougly 
shaken to prevent any from floating. All of the bottles were unstoppered 
throughout the treatment. After preparing the seeds, the bottles were 
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placed in constant temperature ovens running at 65°C. and 85°C. Bottles 
were removed from the 85°C. oven at intervals of 1, 2, 3, 5 and 7 hours, 
while those in the 65°C. oven were left for 6 or 8 hours. The seeds were 
allowed to cool after treatment, excess moisture was removed from the 
wet lots, and lots of 100 seeds each were placed in the germinators at once. 
As many replications were made as the number of seeds in the sample 
permitted. 
The seeds which were subjected to freezing and thawing were placed 
in small bottles and covered with water. One set was aspirated to remove 
any small air bubbles which might cling to the seed coats and especially 
to the hilums, thus preventing water from penetrating the interstices. A 
second set was washed 15 minutes in 95 per cent ethyl alcohol for the 
same reason. Both sets were then covered with fresh tap water and frozen 
at a constant temperature of -6.5°C. After sixteen hours of this treat-
ment they were removed to a warmer temperature until all of the ice had 
melted. They were then subjected to the freezing temperature a second 
time for about eight hours. Immediately after the treatment was com-
pleted the seeds were dried between blotters, counted and placed in the 
germinator. 
Scarification by means of sandpaper and sulphuric acid was accom-
plished as follows: Seed that were scarified by sandpaper were placed 
in a small box which was lined with grade one-half sandpaper. A wooden 
block covered with the same material was moved back and forth on top of 
the seeds for approximately two minutes. Only slight pressure was ap-
plied so that the embryos would not be too severely injured. After the 
treatment, the seeds were counted and placed in a germinator. A number 
of normal seeds were placed in concentrated sulphuric acid for periods of 
10 and 30 minutes. They were then washed through clear water several 
times to remove any traces of the acid and were placed in the germinator 
at once. 
Shaking treatments which were applied to seeds of the various species 
were based on the treatment developed by Harnly as applied by Porter. 
Small quantities of seed were placed in a quart fruit jar and covered 
tightly. The container, with the linear axis parallel to the earth's surface 
TABLE 3. The effect of different treatments on germination of seeds of L. capitata 
-
Percentage germination 
Treatment No. seeds N A I D H 
Check 400 4.25 0.0 17.75 78.00 
Shaken 10 minutes 200 83.50 0.0 14.50 1.00 
Shaken 20 minutes 200 84.00 0.0 16.00 0.00 
Frozen and thawed 400 2.00 0.0 13.25 84.75 
Washed in alcohol, 
frozen and thawed 400 3.00 0.0 12.50 84.50 
85°C. 1 hour wet 400 7.25 0.0 13.00 79.75 
85°C. 1 hour dry 300 5.00 0.0 11.33 83.67 
85°C. 2 hours wet 200 5.50 0.0 11.00 83.50 
85°C. 2 hours dry 200 5.50 0.0 11.50 83.00 
85°C. 3 hours wet 300 7.33 0.0 10.00 82.67 
85°C. 3 hours dry 200 5.50 0.0 21.50 73.00 
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was shaken up and down by hand for periods of 10 and 20 minutes at a 
uniform rate of speed. Germination tests were started as soon as the 
treatment was completed. For each species studied check lots of un-
treated seeds were tested in the germinator at the same time as the treated 
lots. 
The data in table 3 show that of the treatments tried on seeds of L. 
capitata the only ones which were effective in reducing the percentage of 
impermeable seed were those involving shaking. 
The data in table 4 show that for S. helvola the only treatment of 
those tried which increased the number of normal seedlings was sulphuric 
acid. The shaking method of treating impermeable seeds as applied to 
S. helvola produced no significant changes in the response of the seeds as 
measured by a germination test with the possible exception of the treat-
ment for ten minutP.s. 
By reference to the data in tables 3 and 5 it may be noted that shak-
ing was the most effective means of increasing the percentage of normal 
seedlings in A. fruticosa as it was with L. capitata. 
In comparing the reactions to treatments of the three species tested 
several conclusions may be drawn. The most effective method of reducing 
impermeability in L. capitata and A. fruticosa is that of shaking. Shaking 
had no effect on seeds of S. helvola. 
Freezing and thawing as applied in these experiments had no effect 
on the seeds of any of the species tested. Scarification by sandpaper and 
treatment with sulphuric acid were effective in reducing the percentage 
of impermeable seeds in the species which were treated in this way, but 
abrasion methods greatly increased the number of abnormal sprouts . 
../' 
TABLE 4. The effect of different treatments on the germination of seeds of Stro-
phostyles helvola 
Percentage germination 
Treatment No. seeds N A D H 
Check 300 29.0 0.7 12.7 57.6 
Shaken 10 minutes 300 37.7 3.0 8.0 51.3 
Shaken 20 minutes 300 31.3 1.3 10.7 56.7 
Frozen and thawed 196 11.2 0.5 30.l 58.2 
Washed in alcohol, 
frozen and thawed 177 3.95 0.0 35.0 61.05 
85°C. 1 hour wet 150 26.7 1.3 14.0 58.0 
85°C. 1 hour dry 200 31.5 1.5 11.0 56.0 
85°C. 2 hours wet 150 15.4 0.0 18.0 66.6 
85°C. 2 hours dry 150 24.6 0.6 11.4 63.4 
85°C. 5 hours wet 100 3.0 0.0 58.0 39.0 
85°C. 5 hours dry 100 26.0 1.0 11.0 62.0 
85°C. 7 hours wet 100 2.0 0.0 61.0 37.0 
85°C. 7 hours dry 100 23.0 0.0 32.0 45.0 
65°C. 6 hours wet 150 2.7 0.0 39.3 58.0 
65°C. 6 hours dry 200 28.0 0.5 17.0 54.5 
65°C. 8 hours wet 150 6.0 0.0 45.0 49.0 
65°C. 8 hours dry 200 27.0 0.5 6.5 66.0 
:aso, ten minutes 1no 44.0 0.0 15.0 41.0 
:aso, thirty minutes 20CJ 79.0 1.0 15.0 5.0 
SEED IMPERMEABILITY AND VIABILITY OF LEGUMINOSAE 15 
/ 
TABLE 5. The effect of different treatments on the germination of Am.orpha fruticosa 
Percentage germination 
Treatment No. seeds N A D H 
Check 350 46.00 0.00 30.00 24.00 
Shaken 10 minutes 400 73.00 0.00 26.75 0.25 
Shaken 20 minutes 300 71.00 1.30 26.70 0.00 
Frozen and thawed 400 55.50 1.00 26.00 17.50 
Washed in alcohol, 
frozen and thawed 400 49.75 1.00 32.75 16.50 
Sandpapered 200 48.50 11.50 40.00 0.00 
85°C. 1 hour wet 175 47.43 0.57 37.14 14.86 
85°C. 1 hour dry 200 29.00 0.00 31.00 40.00 
85°C. 2 hours wet 285 35.00 1.05 50.00 13.90 
85°C. 2 hours dry 300 31.fl6 1.00 26.00 41.34 
85 ° C. 3 hours wet 300 11.33 0.67 80.66 7.34 
85°C. 3 hours dry 300 33.00 1.66 19.34 46.00 
85°C. 5 hours wet 92 0.00 0.00 98.91 1.00 
85°C. 5 hours dry 100 11.00 1.00 51.00 27.00 
85°C. 7 hours wet 200 0.00 0.00 100.00 0.00 
85°C. 7 hours dry 100 14.20 2.00 53.00 31.00 
65 ° C. 6 hours wet 400 0.00 0.50 98.50 1.00 
65°C. 6 hours dry 200 28.50 1.50 41.00 29.00 
65°C. 8 hours wet 400 0.50 0.00 96.00 3.50 
65 ° C. 8 hours dry 188 22.40 0.50 43.00 34.10 
The effect of dry heat on some of the species tested, particularly A. 
fruticosa, suggests that impermeability may be a reversible process in 
part. That is, if permeable seeds are dried to a certain point, shrinkage of 
the seed coats may occur, causing an impermeable condition to develop. 
However, if impermeability is destroyed by a mechanical means such as 
shaking it is not reversible under storage conditions in the laboratory. 
Shaken seeds of L. capitata germinated as well six months after storage 
as they did when first shaken. This view reconciles that of Harnly (14), 
who states that impermeability is an irreversible condition, with those of 
other investigators who suggested that impermeability is reversible. Heat 
applied to wet seeds was detrimental in all cases excepting that of L. 
capitata. 
IMPERMEABILITY IN SOYBEAN SEED 
In January. 1937, a sample of Wilson soybeans received at the seed 
laboratory showed 40 per cent impermeable seeds. Following the germina-
tion test, 146 seeds, which had remained impermeable in moist towels, 
were divided into two lots, one with 100, the other with 46 seeds. The first 
lot was placed in a glass bottle and shaken for 10 minutes, then planted 
in moist, sterile sand. The ;:;econd lot of 46 seeds was planted in sand with-
out further treatment. At the end of 10 days 96 per cent of the shaken 
seeds had produced normal seedlings and after 25 days 10.9 per cent of 
the check lot produced normal seedlings. Both lots were held at 30°C. 
constant temperature. Untreated seed of this lot planted in the field in 
early June, 10 replications, gave 76.3 per cent stand. 
In May, 1937, a sample of Cayuga soybeans was obtained from the 
Agronomy Department, Iowa State College, which showed nearly 80 per 
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cent impermeable seeds. In June two sub-samples, each containing 600 
seeds, were prepared from each of the bulk lots of Wilson and Cayuga 
beans referred to above. One sub-sample of each variety was kept for a 
check, the other shaken 10 minutes in a glass fruit jar. Each sub-sample 
was then divided into two equal portions of 300 seeds and one was planted 
in sterile moist sand held at a temperature of 33°C., the other in paper 
towels kept at alternating temperatures of 20°-30°C. The results of the 
several tests after six days are shown in table 6. 
TABLE 6. Effect of impaction on impermeable seeds of soybeans 
Germination 
Check Shaken 
Towels Sand Towels I Sand 
Variety N A D H N N A D H I N 
Cayuga 21 2 7 70 24 42 3 8 47 70 
Wilson 75 0 2 23 76 87 0 2 11 90 
From the data in table 6 it is evident (1) that the percentage of im-
permeable seeds in Wilson soybeans was reduced from 40 in January to 
23 in June, 1937, while stored in the laboratory at room temperature, and 
(2) impaction by shaking in a hard walled container is an effective method 
of reducing the hard seed content of soybean seeds. The most marked 
reduction was in thE' Cayuga variety, in which the percentage of normal 
seedlings in sand was increased from 24 for the check to 70 for the treated 
lot. The reason for the significant difference in normal seedlings ob-
tained in towels and sand for the treated lot of Cayuga seeds is not known. 
Similar differences in untreated lots of okra, black locust and other soy-
bean seeds have been noted in laboratory tests which indicate that sand 
may be a superior substratum for testing species with impermeable seeds. 
COMPARISON OF FIELD AND LABORATORY Gi:RMINATION 
When it was found that shaking had an effect on the impermeability 
of seeds of some of the species of legumes studied, it was considered ad-
visable to determine the respective germination performance of seeds of 
several species in blotters, in sand, and in the field. Seeds of S. helvola, 
L. capitata, L. virginica, A. fruticosa and R. pseudacacia were included in 
the tests. Four lots of seeds of R. pseudacacia from different parts of the 
United States were used. Only one seed lot of each of the other species 
was available. Seeds were shaken in the manner previously described 
for twenty minutes and were then prepared for planting. Laboratory 
tests were based on the germination of 200 seeds in each set of conditions 
in all species excepting R. pseudacacia and field tests were based upon the 
response of 400 seeds for each treatment. In the case of R. pseudacacia 
different numbers of seeds were used, running as high as 1,107 for one 
treatment. Blbtter tests followed the same procedure as was used in pre-
vious experiments. Seeds which were tested for response in sand in the 
germinator were placed in square paper boxes containing one-half inch 
of fine quartz sand which had been previously sterilized by heating for 
SEED IMPERMEABILITY AND VIABILITY OF LEGUMINOSAE 17 
four hours. They were then covered with sand, seeds of the small seeded 
species being covered with a quarter inch layer and those of S. helvola 
and R . pseudacacia were covered by a thick layer. The field plantings 
were made about the middle of April. Seeds of the first four species named 
above were planted in five-foot rows, 100 seeds per row with four rows 
in consecutive order. Seeds of R . pseudacacia, 100 per row, each repeated 
six times, were planted according to a restricted random arrangement 
such that each sample appeared once in each block and once in each col-
umn. Table 7 shows the response of seeds at each set of conditions. 
The data in table 7 show that the shaking treatment reduced imper-
meability in all of the species tested excepting S. helvola and that an in-
crease in germination occurred in sand, in blotters and under field con-
ditions. 
TABLE 7. A comparison of the germination of shaken and unshaken .seeds of S. 
helvola, L. capitata, L. virginica, A. fruticosa and R. pseudacacia in blotters, sand and 
field conditions 
Species and Blotter Sand Field 
treatment N A D H N N 
S. helvola 
shaken 37.7 3.0 8.0 51.3 32.5 22.0 
check 37.0 0.0 33.0 30.0 27.0 12.0 
L. capitata 
shaken 85.5 0.5 14.5 1.5 80.5 48.0 
check 4.5 0.0 26.0 69.5 4.5 2.0 
L. virginica 
shaken 33.0 0.5 32.5 34.0 31.0 10.0 
check 3.5 0.0 21.5 75.0 4.0 1.0 
A. fruticosa 
shaken 67.0 0.0 32.5 0.5 53.0 12.5 
check 45.0 0.0 30.0 25.0 50.0 1.0 
R. pseudacacia 
Lot A. shaken 77.0 22.5 0.0 0.0 79.0 51.0 
check 38.0 0.0 0.0 62.0 34.5 21.0 
Lot B. shaken 61.0 i2.0 18.0 9.0 74.0 45.2 
check 28.5 0.0 7.5 64.0 19.5 11.4 
Lot C. shaken 82.2 1.9 3.1 12.8 86.5 52.0 1 
check 12.8 0.2 2.1 84.8 6.5 6.5 
Lot D. shaken 57.0 20.4 5.6 17.0 54.0 33.2 
check 45.5 0.0 6.5 48.0 41.0 25.4 
DETERMINATION OF THE REGION THROUGH V."HICH WATER FIRST ENTERS SEEDS 
WHEN THEY BECOME PERMEABLE 
The question of whether or not legume seeds possess a special struc-
ture which facilitates the entrance of water, or whether part or all of the 
impermeable seed coat becomes permeable, is a problem which has long 
interested investigators. White (41), Rees (32), Jones (17) and Rogers 
(33) agreed that the impermeability of the seeds with which they worked 
was brought about either by the structure of the Malphigian layer or by 
\ 
\ 
____. 
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the cuticle formed on the surface of the seeds. Coe and Martin (6) found 
that there was no chemical difference between the seed coats of permeable 
and impermeable seeds of sweet clover but that the walls of the Malphigian 
cells were more highly developed in impermeable seeds. None of these 
authors discovered any means by which water might enter the seeds other 
than through the seed coat. 
In 1932 Harnly (14), working with sweet clover, first used a method 
of treating impermeable seeds based on the principle of an impact or 
blow to each seed repeated a large number of times. This method has 
been described earlier in this paper. Having found that shaking reduced 
the percentage of impermeable seeds, Harnly soaked seeds softened in 
this way in one per cent solution of osmic acid and found that darkening 
occurred first at a point on the side of the hilum opposite the microphyle. 
This point is known as the strophiole. From the strophiole the darkening 
spread through the seed, following a path which would be taken by water 
upon its entrance into the seed. When he sectioned seeds of sweet clover 
treated in this manner, he found a cleft at the strophiole around which the 
tissues were darkened, the darkened region extending into the embryo. 
From these data he concluded that the impact of shaking sweet clover 
seeds separates cel1s of the strophiolar region, thus permitting the en-
trance of water. 
In the following experiments, seeds of A. fruticosa, L. capitata and 
S. helvola were studied. After being subjected to different treatments to 
reduce impermeability, seeds of the three species were placed in an 
aqueous solution of Mayer's hemalum. They were left at a constant tem-
perature of 30°C. for twelve hours, after which interval the first signs of 
swelling appeared. They were then removed to water and washed thor-
oughly, after which freehand sections were made of some seeds. Other 
seeds were killed in 80 per cent alcohol and the ends opposite the hilum 
clipped to facilitate the entrance of reagents into the seeds. None of the 
reagents used contained any acid, since acid would have destained the 
tissues. After killing, the seeds were carefully dehydrated in butyl 
alcohol and were then infiltrated with paraffin. In order to soften the tis-
sue and facilitate cutting, blocks of paraffin containing the seeds were 
soaked in water at 30°C. for twelve hours. Serial transverse sections were 
cut fifteen microns thick. Studies were made of the external appearance 
of the seeds in question, in order to ascertain what position was occupied 
by the hilum with relation to the curvature of the seed. Seeds of A. fruti-
cosa, L. capitata and S. helvola are illustrated in figures 1, 2 and 3, re-
spectively. 
Seeds of A. fruticosa which had been subjected to wet heat, dry heat, 
freezing and thawing, shaking and sandpapering, were sectioned and 
studied, and shaken seeds of L. capitata also were included. Preliminary 
freehand cross sections of shaken seeds of A. fruticosa stained in an aque-
ous solution of gentian violet showed that the seeds were covered with a 
thin coating of material, presumably cutin, which stained very heavily 
with gentian violet. The base of the hilum was the only point at which the 
stain passed through the layer of thick-walled cells immediately beneath 
this coating. A cone-shaped area extending into the inner portions of the 
seed coat from the base of the hilum depression was heavily stained. 
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When thin sections of paraffin material were studied it was found 
that in addition to the thin cuticular coating, which also stained with 
hemalum, the seed coat was composed of three distinct layers. The cells 
immediately beneath the cuticle composed the Malphigian layer and pos-
sessed very thick walls with small lumina which were widest at the base, 
tapering toward the outer wall. Beneath the Malphigian layer a layer of 
osteosclereid cells was found. The innermost layer of the seed coat was 
composed of nutrient cells. No stain passed through the Malphigian layer 
of seeds which were shaken. 
The hilum of seeds of A. fruticosa is located in a rather deep depres-
sion near the narrow end on the incurved surface. The depression is filled 
with disorganized abscission tissue which stained heavily with hemalum. 
At the base of the hilum an opening occurs in the Malphigian layer. This 
opening is occupied by the vascular bundle which connects the seed to 
the parent plant. It is at this point in seeds of A. fruticosa that a break 
occurs when the seeds are shaken. When seeds of A. fruticosa were 
shaken a cleft appeared thr-:mgh the vascular bundle, the adjoining tissue 
of which stained slightly with hemalum, and a faint color was found at 
the end of the bundle next to the embryo. No other break occurred in the 
seed coat. It was not possible to make sections of hard seeds for compari-
son, but when seeds were scarified with sandpaper, stained and sectioned, 
it was found that the seed coat was broken in a number of places. In some 
of the seeds studied the broken seed coats were accompanied by a cleft at 
the hilum, but this did not occur in all cases. 
Seeds that were made permeable by wet heat showed characteristics 
in cross section which were similar to those induced by freezing. In both 
cases the whole seed became permeable although in many cases no defi-
nite breaks occurred. All of the tissue in the hilum region was stained. 
Seeds which became permeable as a result of treatment with dry heat 
showed much the same type of reaction as did shaken seeds. 
Cross sections of seeds of L. capitata showed the same type of seed 
coat and the same arrangement of tissues at the hilum as was found in 
seeds of A. fruticosa, although the hilum depression was not so deep. In 
this case, too, a cleft occurred through the vascular bundle which permit-
ted the inner tissues of the seed coat to become stained. 
Seeds of S. helvola gave unsatisfactory results when sectioned be-
cause the size of the seeds resulted in poor infiltration with paraffin. No 
reliable observations as to staining were made. 
SUMMARY 
In the preceding pages are recorded the results of investigations deal-
ing with the viability, longevity, impermeability and germination of seeds 
obtained from six species of Leguminosae. The plant species whose seeds 
were investigated are Lespedeza capitata, L. virginica, Amorpha fruticosa, 
Strophostyles helvola, Robinia pseudacacia, and Glycine max. The follow-
ing conclusions are based on the experimental data obtained. 
1. At the time of harvest the percentage of impermeable seeds was 
found to be 55, 88 and 80 for S. helvola, L. capitata and L. virginica, re-
spectively. Storage for two years in the seed laboratory at Ames, Iowa, 
had little or no effect on the seeds of L. virginica, but seeds of L. capitata 
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and S . helvola showed a significant reduction in percentages of imper-
meable seeds and a corresponding increase in non-viable seeds. 
2. Development of impermeability in young seeds of S. helvola is 
directly correlated with the moisture content of the seeds, increasing 
rapidly after the moisture percentage drops below 21. 
3. The most effective method of reducing the percentage of im-
permeability in seeds of L . capitata and A. fruticosa is that of shaking in 
a glass bottle for ten minutes. In samples treated by this method no im-
permeable seeds remained. Seeds of S . helvola were unaffected by the 
treatment. 
4. Shaking for twenty minutes greatly increased the production of 
normal seedlings of L. capitata, L. virginica, A. fruticosa and R. pseud-
acacia under both laboratory and field conditions and is the most satisfac-
tory method so far known for increasing germination in these species 
when impermeable seeds are present in high percentages. 
5. Shaking for ten minutes in a glass bottle is effective in reducing 
the percentage of impermeable seeds in two varieties of Glycine max, 
namely Cayuga and Wilson. 
6. Impermeability of seeds of S . helvola is reduced most effectively 
by treatment with concentrated sulphuric acid for thirty minutes. No 
abnormal seedlings were produced. 
7. Heating in a wet or dry condition, scarifying with sandpaper, and 
freezing and thawing did not increase the percentage of normal seedlings 
produced by L . capitata, S . helvola and A. fruticosa. Temperatures of 
65°C. and 85°C. for periods of three hours or more materially increased 
the percentage of dead seeds of A. fruticosa when the seeds were treated 
in water. None of the temperature treatments affected impermeable seeds 
of S. helvola. 
8. Shaking seeds of A. fruticosa and of L. capitata causes fissures to 
appear at the base of the hilum depression, through which water enters 
the seeds, based on the entrance of a dye as a criterion for the entrance of 
water prior to germination. Heating dry seeds of A. fruticosa at 85°C. for 
five to seven hours has the same effect as shaking. 
9. The observations suggest that repeated blows during the shaking 
process may cause fissures to develop at the base of the hilum, which point 
is probably less able to withstand the stresses produced. The form of the 
hilum in seeds of A. fruticosa and of L. capitata is somewhat U-shaped and 
a blow at both extremities simultaneously might cause separation of the 
cells at the base. 
PLATE I 
Fig. 1. Diagram of a seed of A. fruticosa. 
x 12. left-side view; right-hilum view; s-strophiole; h-hilum; m-micropyle. 
Fig. 2. Diagram of a seed of L. capita.ta. 
x 12. left-side view; right-hilum view; s-strophile; h-hilum; m-micropyle. 
Fig. 3. Diagram of a seed of S. helvola. 
x 12. left-side view; right-hilum view; r- raphe; h- hilum; m- micropyle. 
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GENERAL CHARACTERISTICS 
Stro-phostyles helvola., commonly called Trailing Wild Bean, is an 
annual legume common thr0ughout Iowa and other midwestern states, its 
range reaching westward into the Dakotas and southwest into Texas and 
eastward to the Atlantic, but is generally confined in its distribution to 
sandy soils and its habitat is given in manuals as sandy shores and river 
banks. The collections in the Iowa State College herbarium show that it 
occurs in the various sections of Iowa. According to Pammel (7) it is 
generally abundant in the river valleys and sandy areas of the state. With 
the Strophostyles helvola there is commonly associated another annual 
species, S. pauciflora (Benth.) Wats, which is less common in Iowa, in-
ferior in size, but similar in characteristics and habits. 
The plants of the genus Stro-phostyles are similar to the true beans 
(Phaseolus), differing from the beans mainly in not having a twisted keel. 
By Persoon the plants of this genus were classed as beans, Stro-phostyles 
helvola ·being called Phaseolus diversifolius. Their close relationship to 
the beans suggests the possibility of combining the desirable features of 
the genera in crosses. 
The vines of Stro-phostyles helvola, ranging up to two meters in 
length, twine around corn, alfalfa, and other field crops, and often form 
mats so dense over the surface of the ground that they interfere with cul-
tivation (fig. 1). It is claimed by some farmers that this plant makes 
good hay and no doubt it adds much nitrogen to the soil, for it bears an 
abundance of exceptionally large nodules. The virtues of this plant prob-
ably more than compensate for its somewhat weedy habit. In a bulletin 
on the wild legumes of Maryland and their utilization, Norton (5) states 
that the Strophostyles helvola approaches the cowpea in feeding value 
and has great promise. 
The organism associated with its nodules is not known and according 
to cross inoculation studies at the Illinois Experiment Station (2) it does 
not cross inoculate with any of the common cultivated legumes. The for-
mation of nodules begins early in the life of the plant, while the radicle 
is but a few inches in length, and before the plant is a foot in height the 
nodules are abundant and exceptionally large (fig. 1). No evidence of the 
lack of the organism has been observed in any of the various habitats 
where the plant has been found growing, but the tolerance of the organ-
ism of soil conditions, especially of acidity, may be a limiting factor of 
some importance in the distribution of this legume. 
Strophostyles helvola is exceedingly prolific, flowering continuously 
from June or early July unti] frost and producing an abundance of seeds. 
1 Journal Paper No. J484 of the Iowa Agricultural Experiment Station, Ames, Iowa, 
Project No. 352. 
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Fig. 1. A portion of a plant including a section of the vine with flowers, fruit, and 
leaves, and a portion of the root system bearing nodules. 
Its seeds are rich in protein and starch (fig. 6). The seeds are shed soon 
after maturity and thus ear1y become available for quails, pheasants, and 
other birds. I am not awar~ of any definite information on the use of the 
seeds by birds, but I have observed that quails frequent the areas where 
the plants grow and find, under or in the tangle of vines, which usually 
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persist through the winter, favorite roosting places. It reseeds readily 
and thus has the advantage of a perennial in the habit of self-propagation. 
FRUITS 
The pods, like the flowers, are home in axillary clusters, which ap-
pear acropetally as the successive nodes develop. The pods are com-
monly two to three inches in length, almost cylindrical in shape, and con-
tain four to eight bean-shaped seeds ranging from one-half to one 
centimeter in length. Soon after the seeds are mature the pods open by 
a splitting which is followed by .a twisting of the valves that assists in the 
expulsion of the seeds. Thi.s habit of shedding the seeds soon after they 
are ripe is a disadvantage with reference to the harvesting of the seeds 
and especially so, since the pods ripen and open successively over a period 
of two to three months in length, but is an advantage in that the seeds are 
early available for birds. 
EXTERNAL CHARACTERISTICS AND STRUCTURE OF THE SEEDS 
The seeds have a flaky or hairy covering and range in color from 
grayish brown to black in the ripe dry condition, but change to a lighter 
color and become more polished in appearance as they imbibe water and 
swell preliminary to germination (figs. 1, 2 and 11). They are much 
elongated, their diameter usually ranging around one-half to one-third 
of their length, and slightly angular with a rib running the length of the 
back side and a short rib leading away from the chalazal end of the hilum. 
The hilum region is white or whitish, and is proportionately narrow for 
the size of the seed but unusually elongated, commonly being more than 
half the length of the seed (figs. 1 and 2). The hilum is considerably de-
pressed and the depression is filled with a cottony tissue which is a rem-
nant of the funiculus and responsible for the whiteness of the hilum 
region (figs. 1, 2 and 5). At one end of the hilum region the micropyle 
(m, fig. 2) is recognizable as a slit-like or circular depression, while at 
the other end there is a furrowed ridge (g, fig. 2) which, as shown in a 
cross section, marks a much thickened region in the chalazal portion of 
the seed coat (fig. 4). In a lengthwise median section of a seed, as shown 
in figure 3, the tip of the radicle (r) is found to lie very close to the pore-
like opening (m) of the micropyle. 
The flaky covering of grayish brown scales, characteristic of mature 
seed coats, led Pammel (3), Britton ( 4) and others to describe the seeds 
of Strophostyles helvola as having hairy seed coats. A study of the de-
velopment of the seeds discloses that the flakes constituting the flaky 
covering of the seed coat, and generally designated as hairs, are the result 
of the sloughing in layers of the outer portion, known as the cuticularized 
layer, of the Malpighian cells (figs. 6, 7 and 8). This sloughing of the cuti-
cularized layer accounts for the fact that the light line in mature seeds is 
exceptionally near to or on the surface of the seed coat, a feature noted 
by Pammel (7) . The sloughing layers swell some in water and in case of 
seeds in the germinator favor the growth of molds. 
The seed coat, aside from the exfoliation of the cuticularized layer, 
is typical of leguminous seed coats. It consists of Malpighian, osteosclerid 
and nutrient layers. The Malphighian layer is double in the region of the 
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hilum (fig. 5). The osteosclerid layer varies considerably in the character 
of its cells in different parts of the coat, but in general consists of cells with 
walls thickened in ridges and containing a brown pigment in mature seeds. 
The portion of the seed covering interior to the osteosclerid layer com-
prises two parts, the one just beneath the osteosclerized layer and con-
sisting of several layers of thin-walled cells and an inner one that consists 
of a few layers of cells with walls somewhat thickened. The inner part 
is darkly colored and is in part responsible for the color of the seed. It 
separates rather readily in germination from the rest of the seed cover-
ing, appearing separately sometimes as a membrane over the embryo or 
portions of it after the rest of the covering is removed. This inner region 
contains the aleurone layer, which, according to Pammel (7) , is endo-
spermous in origin and all that remains of the endosperm in mature seeds. 
One striking feature of this inner part of the seed coat is that through it 
run tangentially many anastomosing tracheal elements (fig. 10). It con-
tains no starch nor considerable amounts of any other forms of stored food. 
The Malpighian layer, which abruptly bends inward at the margin of 
the hilum, forms a ridge that encloses a pit at the bottom of which is the 
hilum (fig. 5) . Under the rim about the hilum and under the hilum, there 
is a mass of tissue that is continuous with the inner regions of the seed coat 
but much greater in thickness (fig. 5). In this thickened area and run-
ning lengthwise just beneath the mid region of the hilum is a ridge of 
tracheal-like elements known as the tracheal isle (v. fig. 5). Immediately 
over the ridge of the tracheal isle the Malpighian layers of the hilum are 
reduced in thickness or almost severed. The tracheal isle consists of cells 
which are elongated mainly at right angles to the hilum and have made 
their walls rigid by thickened lignified bands after the fashion of scalari-
form vessels, although it has not been shown that they have any connec-
tion with the regular vascular system through which the seed receives 
water and nutrients. 
WINTERING AND GERMINATION OF SEEDS 
Most of the seeds lie uncovered during the fall and winter beneath 
the plants from which they are shed and are thus available for birds when 
food is much needed. The seeds are prevented from germinating by the 
hard seed coats as shown by the fact that fully developed seeds while still 
green and seeds sufficiently scarified at any time after maturity give a 
high percentage of germination. Tests on seeds still green but fully de-
veloped gave a range of 40 to 70 per cent germination. Seeds with an 
opening pricked in the seed coat with a needle or in any other way 
germinate close to 100 per cent any time after maturity. Seeds caught by 
frost before entirely maturf- generally refuse to germinate on account of 
the condition of their embryo, although they may appear mature except 
for the fact that they have not been dehisced. 
Germination tests on seeds brought from the field at various. times 
during the winter and spring over a period of five years show that the seed 
coats of most of the seeds remain impermeable and delay germination till 
relatively late in the spring. In Story and Boone counties in central Iowa, 
where observations have been made on germination in the field, most of 
the germination occurs from the tenth of May to the first of June and 
consequently the plants ~enerally escape destruction in the seedling 
stage by spring plowing. That the entrance of water is prevented by the 
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Malpighian layer and chiefly by its light line, is shown by the fact that 
after being scratched with a needle the seed coat is permeable. Also 
when the hard seeds are soaked in solutions of dyes, sections of their coats 
show that the dyes do not pass through the light line. Under natural 
conditions, as in the case of seeds that have become permeable through 
exposure to the conditions outdoors, the entrance of water is in the region 
of the hilum, usually at the microphyle where the radicle later emerges 
as if through a specially provided pore (fig. 9). 
Fully mature seeds are quite generally hard, commonly germinating 
as low as five per cent. That the seeds require several months weathering 
to bring about permeability of the seed coats is shown by the following 
table. 
TABLE 1. Showing the percentage of germination in the laboratory of seeds brO'Ught 
from the field at different times during winter and spring. Five hundred seeds in each 
test. Germinated between blotters in moist chambers at room temperature 
Percentage of germination 
Date of collection 1933-34 1934-35 1935-36 I 1936-37 Average 
Nov. 1-Dec. 20 4 6 5 7 5.5 
March 1-30 9 10 11 10 I 10.0 
May 10-June 1 68 72 58 I 62 64 
It is seen from table 1 that the seeds changed very little in permeabil-
ity before May and observations in the field on germination showed that 
there was little germinatioD prior to the tenth of May. 
Seeds collected in the fall before frost and stored both dry and wet in 
a relatively constant temperature in the laboratory and refrigerator dur-
ing the years the data were collected in the preceding table gave a low 
germination at the time the germination in the field was high. Seeds col-
lected before frost in 1936, stored in laboratory until January 8, 1937, and 
then stored both wet and dry on an open porch showed no increase in 
germination as late as June 18. Seeds exposed alternately to laboratory 
and the freezing temperature of outdoors as many as 20 times during a 
period of 30 days showed practically no change in percentage of germina-
tion. 
It is evident from the observations in the field and laboratory tests of 
the germination of seeds variously stored that a variation in temperature 
and probably also moisture over a period of several months at least is 
necessary to bring about the permeability of the seed coats. The variations 
over the period from the time of ripening to the middle of the following 
May is sufficient to open the coats of the majority of the seeds fully ex-
posed but some require the exposure of at least a second year. The weather 
evidently works a change akin to deterioration in the seed coat, as shown 
by its becoming more brittle, and eventually bring about permeability. 
After water enters through the seed coat it rapidly spreads around 
the embryo through the inner layers of the seed coat where the tracheal 
tubes are located. The seeds soon swell to double or more their dry di-
mensions, commonly become lighter in color and the seed coat tends to 
become smooth and glossy (fig. 11) . 
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OPENING THE SEED COATS ARTIFICIALLY 
The artificial methods used involved blows, pricking, and abrasions. 
The effectiveness of blows was determined in two ways, namely by 
throwing the seeds back and forth in a quart Mason jar with as much 
force as could be done by hand, and by putting the seeds in a small muslin 
bag, one foot in length, and swinging the bag against the floor or table. 
By the last method the intensity of the blows must be modulated lest the 
seeds be broken into fragments and entirely destroyed. The number of 
seeds used in the determination ranged from 500 to 1,000. 
The effectiveness of pricking was tested in two ways, by stabbing the 
seeds wtih a needle, and by throwing the seeds backward and forward 
by hand through a Mason jar against the surface of No. 2 sandpaper fitted 
in each end of the jar. The number of seeds used was 25 when pricking 
with the needle was employed, and 500 or more when the method of throw-
ing the seeds .~gainst sandpaper was employed. 
In the abrasion method the seeds were rubbed by hand between two 
sheets of No. 2 sandpaper for a few seconds. The seeds used in each case 
were collected in September and October and were stored in the labora-
tory. 
The germination tests were made in moist chambers at room tempera-
ture. The results are given in table 2. 
From the results given in table 2 it is obvious that pricking and abrad-
TABLE 2. Showing the result~ of the various treatments in opening the seed coats 
Date 
seeds 
were 
collected Type of treatment, date and percentage of germination 
Thrown 
Thrown back and 
back and Beaten in forth 
forth a bag through Rubbed 
through against Stabbed a Mason between 
a quart the floor with a jar against sheets of 
Mason jar or table needle sandpaper sandpaper 
Pctg. Pctg. Pctg. I Pctg. l?;; Date Germ. Date Germ. Date Germ. Date Germ. Date . 
Sept. Dec. 12 Dec. 50 Dec. 95 Jan. 76 Jan. 92 
8-20 20-25 many 20-25 1-10 1-10 
1933 bro-
ken 
Sept. & Nov. 15 Nov. 52 Nov. 96 Nov. 68 Nov. 88 
Oct. 6-15 6-15 6-15 6-15 6-15 
1935 
Sept. & Nov. Mch. Mch. Mch. Mch. 
Oct & 20-30 20-30 20-30 20-30 
1936 Dec. 16 1937 57 1937 95 1937 60 1937 93 
& 
Mch. 
1937 
Average 14 53 95 68 91 
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ing the seed coats are the most effective means of making the coats per-
meable. One would naturally expect this, since it is the 'light line that 
is impermeable and it is on or near the surface of the seed coat and thus 
exposed to pricking or abrasive agencies. 
TYPES OF HABITAT 
In most manuals, as Gray's (3), Britton's (1), Rydberg's (9) and 
Small's (10), the habitat of Strophostyles helvola is specifically stated to 
be sandy soil or sandy shorf's and river banks. In a catalogue of the flow-
ering plants of Missouri by Palmer and Steyermark (8) its habitat is given 
as rocky woods and thickets. Harshberger (4) mentions it as one of the 
dominant plants on the boulder clay shores of Lake Ontario. In the Weed 
Flora of Iowa, Pammel (6) states that it is common in sandy places and 
along the chief rivers of thP. state. Although its habitat is prevailingly a 
sandy soil, it is not confined to shores and bottoms along streams, but is 
frequently found thriving on bluffs and hillsides where the soil is gen-
erally dry and contains only a small amount of sand, as in case of the 
Clarion fine sandy loam upon which the plant grows especially well in 
Iowa. 
It is able apparently to tolerate considerable shading, as shown by 
the fact that it thrives in corn fields, grain fields, among weeds and in 
thickets. Soil acidity obviously is not so important in determining its dis-
tribution as it is in case of some legumes. Palmer and Steyermark (8) 
describe its habitat as circum-neutral. No definite data were found as to 
its tolerance of soil acidity, but samples of soil tested from a number of 
areas in Iowa where the plants were thrifty had a range of two and one-
half tons per acre lime requirement to 7.5 pH. More soil tests very likely 
will show a greater range of tolerance in the pH of soils. Its range in 
tolerance of soil conditions is a feature worthy of note in considering it in 
relation to soil erosion. 
HEAT AND DROUGHT RESISTANCE 
The most striking characteristic of Strophostyles helvola is its heat 
and drought resistance. During the intense heat and drought of 1936, 
this plant made a good grm,vth, flowered and set seed abundantly on 
the sandiest of soils and on southerly exposed bluffs, hillsides and eroded · 
banks where both the heat and drought reached their maximum. 
Its remarkable abllity to endure drought and heat, its prolific habits 
and tolerance of shade and soil acidity, qualify it to be in the list of plants 
that may be of considerable value on eroded and sandy waste areas, either 
alone or among shrubs to furnish food and probably cover for birds. 
It is of value in improving the nitrogen content of the soil and may be of 
special value as a green manure. If it can be crossed with beans its 
drought and heat resistance may be combined with the more desirable 
features of some of the beans in crosses of more value for hay and seed 
than the Strophostyles. 
SUMMARY 
Strophostyles helvola (L.) Britton, an annual legume, is common 
throughout the Mississippi Valley and the states east to the Atlantic. 
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Its prevailing habitat is a sandy soil and consequently it is found 
much more generally in river bottoms and around lakes than elsewhere. 
Its trailing vines sometimes interfere with cultivation, for which 
reason it may be classed as a weed. 
It is a prolific plant, flowering and seeding from early July till frost, 
and propagating itself as effectively as many perennials. 
The seeds are shed soon after maturity and thus early become avail-
able as food for birds. They are quite generally hard, germinating usually 
not more than 5 to 10 per cent without treatment. 
The seeds have a hard, impermeable seed coat, that has a fuzzy cover-
ing which consists of the scales resulting from the sloughing of the layers 
composing the cuticularized portion of the Malpighian cells. The slough-
ing of these layers extends almost and frequently to the light line. The 
seeds are rich in protein and starch. 
The light line prevents the entrance of water in hard seeds, and re-
quires several months of exposure to the variations in fall, winter and 
spring weather to make it permeable. Most of the seeds fully exposed 
germinate between the tenth of May and the first of June of the following 
year, but some delay germination till the second year or longer. 
The embryo requires no rest period, and seeds will germinate any 
time after maturity provided their coats are made permeable to water, 
which is rather easily accomplished by abrasive methods, such as rubbing 
the seeds between sheets of coarse sandpaper. 
Str<Yphostyles helvola is remarkably resistant to drought and heat, 
and tolerates a relatively wide range in the pH of soils. It has been ob-
served thriving on bluffs and eroded hillsides where heat and drought 
were extreme. These traits. along with its prolific seeding and ability to 
propagate, qualify this plant for consideration with reference to its value 
on sandy wastes and eroding hillsides, either alone or with other plants, 
to furnish food and possibly cover for birds, and also to add nitrogen to 
the soil. 
Owing to its close relationship to the true beans, there is the possi-
bility that it may be used as a parent with some of the beans to obtain 
crosses of greater value than either of the parents for waste and eroded 
areas. 
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PLATE I 
EXPLANATION OF FIGURES 
Fig. 1. Seeds, showing shape of seeds, the much elor.gated whitish hilum region, and 
the fuzziness of the seed coat. 
Fig. 2. The hilum side of a seed showing micropyle (m) and the furrowed ridge (g) 
at the chalazal end of the hilum. 
Fig. 3. Section through a seed showing the position of the tip of the radicle (r) in 
relation to the micropyle (m). 
Fig. 4. Cross section of the furrowed ridge at the chalazal end of the hilum. Note 
the furrow in the apex of the ridge and the vertical strand of dark tissue be-
neath the furrow. 
Fig. 5. Cross section of a seed through the hilum region, showing the depression, the 
white cotton-like tissue (c) filling the depression, the vascular isle (v), and 
that the Malpighian layer is double. 
Fig. 6. Section through seed showing the cells of the cotyledons well filled with 
starch and protein. 
Fig. 7. Section through seed coat showing especially the Malpighian cells (M), (the 
very much elongated cells that constitute more than half the thickness of the 
seed coat) and the several layers beneath of much smaller cells that constitute 
the osteosclerid and nutrient layers. Note the sloughing of the cuticularized 
layer (s), the fragments of which cause the fuzzy appearance of the seed coat. 
Fig. 8. A section similar to the one in figure 7, but showing more distinctly the light 
line just beneath the sloughing cuticularized layer which in this case has 
taken up water and become much swollen. 
Fig. 9. Germinating seeds showing the radicles emerging at the micropyle. 
Fig. 10. Surface view of the inner layer of the seed coat showing the vascular 
bundles. 
Fig. 11. Seeds swollen preliminary to germination. Note polished appearance. The 
seed with the broken seed coat was scarified between sheets of sandpaper. 
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GROUND STATE OF THE LI ATOM1 
CHARLES P . WELLS 
From the Department of Mathematics, Iowa State College 
Accepted for publication August 4, 1937 
The allowed energy levels of a quantum mechanical system are the 
values of W that permit solutions of the Schrodinger wave equation 
Ht/! = Wt/! 
which are finite and continuous throughout space. Here H represents the 
Hamiltonian operator, and t/! the characteristic function. The solution of 
this wave equation corresponds to the solution of the variation prob-
lem (1) 
SW= Sf ~ Ht/!dr=O, 
subject to the normalizing condition 
I t/!-;j dr = 1. 
The function V' must, of course, satisfy all the conditions imposed on any 
solution of the wave equation. The direct method of solving the variation 
problem consists in selecting trial wave functions which contain para-
meters which are to be varied until W is a minimum. It can be shown 
that W is an upper limit to the energy and t/! is an approximate solution. 
The selection of the trial wave functions depends on the physical knowl-
edge of the problem and experience with previous problems. 
The method of forming correct anti-symmetric wave functions for 
many electron systems was developed by Heisenberg (2). Independently 
Wigner (3) showed how to form wave functions for lithium and three 
electron ions. Slater (4) has shown how to build up a properly anti-
symmetric wave function for a many electron system by using a determi-
nant whose elements are functions of single electrons only. 
The best results on the value of the energy of the ground state of the 
lithium atom that have been published are those of Wilson (5), who 
used functions of the type 
(K-shell)e-ar, (L-shell) a r e-11r -e-~r. 
He used the variation method and was able to obtain a value of the energy 
within .86 per cent of the experimental. Previously Slater (6) and Guil-
lemin and Zener (7) employing the same methods and simpler wave 
functions had obtained values within .88 per cent and .87 per cent of the 
experimental, respectively. 
In all these papers the interaction of the electrons with each other is 
neglected in obtaining the solution. The purpose of this paper has been ·to 
1 A thesis submitted to the Graduate Faculty of Iowa State College in partial ful-
fillment of reqU.:rements for the degree of Doctor of Philosophy. Original thesis sub-
mitted August, 1935. 
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extend the work along the lines of Guillemin and Zener, to solutions of 
the wave equation containing the interaction of the inner electrons. 
DISCUSSION OF THE METHOD 
1. Wave Equation and Jacobian. 
The wave equation for lithium is 
where 
87!"2µ. 
A1i/t + A2i/t + Asi/t + --(W - V) i/t = 0, h2 
3e2 3e2 3e2 e2 e2 e2 
V=------+-+-+-. 
T1 T2 T3 T12 T13 T23 
With the change of units 
27!"2µ.e4 .\ h2x'1 
W= ,X1 = ,i=l,2,3,4. h2 8 71"2 µ. e2 Z 
this becomes 
[ ,\ 1 1 1 1 1 1] A1ifl+A2i/t+Asi/J+ -+-+-+------- 111=0. 4 r1 r2 rs 3r12 3r2a 3ria 
(1) 
(2) 
Hylleraas (8) has shown the advantage obtained by using as coordi-
nates the r's entering into the potential energy V. The differential equation 
1 is not self adjoint when written with the r's as coordinates. We can make 
it so by multiplication by the Jacobian of the transformation from rec-
tangular coordinates to the six r's supplemented by three angular coordi-
nates to make the system complete. These extra coordinates are ignorable 
and can be eliminated by integration. The Jacobian can be computed 
and found to be, aside from constant factors 
J= 
A 
where 
A 2 = r12 r22 (r132 + r2a2 - r122) + r12 ra2 (r122 + T232 - ria2) 
+ T122 T232 (r12 + Ta2) + T22 T32 (r122 + T132 - T2s2) 
+ r1s2 r2s2 (r12 + r22) + r122 r1s2 (r22 + rs2) - r22 r1s2 (r1a2 + r22) 
- T12 T232 (r12 + T2s2)- T3 2 T122 (r2a + T122)- T132 T232 T122. 
(3) 
With this Jacobian as a factor, equation 1 now becomes the differ-
ential equation for a problem in the Calculus of Variations. This prob-
lem is the minimizing of the integral 
(4) 
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subject to 
2. Wave Functions Used. 
With a notation similar to that of Guillemin and Zener (9) our wave 
function is 
1 
Y,=-6 P:2:(-l)O'p P · if(x11,X21,X32)8(1h/m. )8(-1h/m. }8(1h/m. ), (5) v 1 2 s 
where X tk represents the i-th electron in the k-th orbit, P represents 
permutations of the three electrons, up the number of inversions in the 
permutations and 8 (m./m. 1 ) designates the spin function of the i-th 
electrons with spin component m.. The summation is over the six permu-
tations. 
The energy integral and the normalizing integral can be shown to re-
duce from thirty six terms each to two each. They are 
f J i/!12s H t/1123 d T - f J t/lm H t/ls21 d T = A, 
1/4 [ J i/!123 i/!m d T - J i/!123 i/!a21 d T ] = 1. 
In these integrals and in what follows i/!123 and if321 represent if (x11, X21,Xa2) 
and if (X31, X21, X12) respectively. 
The K-shell functions used are hydrogen like functions e-<ri +r2l/2• 
The L-shell functions are an extension of Guillemin and Zener's. They 
are 
PRELIMINARIES TO CALCULATIONS 
1. Definitions of M,L,N and M';L',N'. 
As pointed out by Hylleraas (10), the use of a stretching factor for 
all the arguments in if i.e. if (r) = if (kr) , results in the minimum problem 
(2) becoming 
where 
K 2 M-KL 
-----=min. = ,\ 
N 
(6) 
M = J J I grad if 12 dT, L = - J JV if2 dT, N = 1/4 J J if2 dT. (7) 
The parameter k can be eliminated by differentiation, obtaining for 
the minimum value of .\, the expression 
L2 
---=.\. 
4MN 
(8) 
This expression will be a function of certain parameters, a,b,c,d, entering 
into the wave function. Their values can be found by solving a set of 
algebraic equations 
40 CHARLES P. WELLS 
2 oL 1 oM 1 oN _ 0 
------------ ' L oil. M oa N oa (9) 
etc, for all four parameters. 
Our case is more general than that of Hylleraas due to the character 
of the function ift. In place of equations 6 and 7 we have 
K 2 (M - M') - K (L - L') 
-----------= >.., 
where 
M= f JI gradif123 l2 dT, 
L = - f JV if\23 d T, 
N = - f J i/!2i2s d T , 
N-N' 
M' = f J I grad i/1123 ·grad if321 Id T, 
L' = f J i/1123 V321 d T, 
N' = f J i/1123 if321 d T. 
The parameter k can be eliminated as before by differentiation, obtaining 
for the new value of >.. the expression 
-(L-L')2 
---------= >... 
4(M-M') (N-N') 
2. Integrals Involved. 
The integrals involved are all of the form 
rl"' r /' r aP r12q r z38 r13t 
----------- e - ar1- fJr2- 'Yrs 
(10) 
(11) 
The integrals in M and N are straightforward and cause no particular diffi-
culty. Those in M' and N' can be carried out without essential difficulties, 
although they become long and tedious. Difficulty arises in L' because 
of the interaction term r12 in if. The product i/1123 if321 carries the term 
r 12 r 23, and the potential term 1/r13, thus giving rise to the integral 
(~2) 
As easily seen, the first integration is elliptic and since the Jacobian is 
homogenous in the r's, changing the order of integration does not relieve 
the situation. However the integral can be approximated to a sufficient 
degree of accuracy by expanding 1/r13 in a series of Legendre Poly-
nomials. Thus 
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1/ r 13 = l/r1 [Po(µ.)+ h P1 (µ.) + h2 P2 (µ.) + .................. ] for h = ra/r1 < 1 
and 
l/r13 = 1/ra [Po(µ.)+ h P1 (µ.) + h2 P2 (µ.) + .................. ] for h = r1/ra < 1 
Substitution of these in (12) gives rise to two sets of integrals, one for 
r 3 < r1 and the other for r1 < r 3• The integrations can now all be carried 
out, but are exceedingly long and tedious. Use of three terms in the 
series gives a very good approximation for the integral. 
CALCULATIONS AND RESULTS 
The value of the parameters which make ,\ a minimum can be de-
termined from (10) by differentiation. However the exponential para-
meter enters in such a complicated manner that it is not practicle to at-
tempt differentiation. Instead the best value for this parameter is found 
by the use of the simpler trial functions, such as re-ar and e-ar (1 + br). For 
both these functions the best value of a is found to be .26 and gives the 
value of the energy ,\ corresponding to these functions in error by only .88 
and .87 per cent respectively. These agree with the values found by Slater 
and Guillemin and Zener. Using this is as a trial value for the parameter 
a, we substitute in the expressions for M- M', L - L', and N - N'. The 
quadratic expressions in b, c and d that result are as follows: 
M - M' = 7r(373.3064 + 9951.936b + 2028.898c + 2321.987d + 80,731.-
91b2 + 5303.9lc2 + 73,195.97d2 + 28,564.843bc + 17,840.19cd + 36,-
883.98bd) 
L - L' = 7r(634.3433 + 17,458.17b + 4175.04c + 4132.497d + 144,010.-
97b2 + 9557.235c2 + 76,644.7ld2 + 61,204.87bc + 29,528.74cd + 68,769.-
28bd.) 
N - N' = 7r (163.61 + 4643.48b + 1252.31c + 982.78d + 38,953.3lb2 + 
3259.6c2 + 18,850.78d2 + 18,643.865bc + 7639.98cd + 16,762.54bd). 
The best values for b, c and d can now be found by differentiation and are 
b = -.29, c = - .13, and d = - .02. The value of the energy calculated 
is,\= -1.65967. The experimental value is given at,\= -1.663 and the 
error is .2 per cent. Repeated calculations using a value of the parameter 
slightly greater and slightly less than a = .26 do not improve the value 
of A.. 
The author wishes to take this opportunity to express his sincerest 
gratitude to Dr. J. V. Atanasoff for h is direction and guidance in prepar-
ing this paper. 
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Revision of the mammalian faunal occurrence in Iowa is the pri-
mary objective of this investigation. The work involves an interpretation 
of former lists, perusal of mammal literature, examination of available 
material and field observations. It is to be hoped that this investigation 
will eventually contribute towards an interest in conserving the mam-
mals, towards recognition of the systematist's value and towards assist-
ance to specialists making detailed life history studies. 
The preliminary work on this problem was commenced on October 1, 
1936. A list of recent Iowa mammals was compiled from known distribu-
tion as offered by Miller (1924) and the various revisions in the North 
American Fauna series. Inclusions in this hypothetical list were then 
checked against a thorough perusal of the literature affecting Iowa mam-
mals. 
Determination of intra-state distribution and verification of ques-
tionable records made necessary the collection of representative speci-
mens. During the course of the investigation, approximately 100 mam-
mals suitable to identification were collected. The collections in which 
the included specimens repose are given mention in the text of the dis-
cussion. All of these specimens were examined by Dr. H. H. T. Jackson 
and A. H. Howell of the United States Biological Survey, and all final 
identifications are given on their authority. To facilitate further investi-
gation and to verify doubtful records, an attempt was made to locate all 
museum specimens of Iowa mammals. Such specimens were found to 
repose in the collection of the United States Biological Survey, American 
Museum of Natural History, Field Museum of Natural History, Milwaukee 
Public Museum, Museum of Natural History at the University of Minne-
sota and the Museum of Zoology at the University of Michigan. There are 
also a few specimens in the museum at Coe College and at the University 
of Iowa and in various private collections; however, most of these, being 
life-like mounts, are not suitable to accurate identification. Even when 
considered in the aggregate, specimens of Iowa manunals are entirely too 
few to permit presentation of complete distributional data. 
This list includes not only the 56 mammals known to occur in Iowa 
today, but also those which have been exterminated ~hrough land use. Of 
the latter, the American Black Bear, Canada Otter, Rocky Mountain Cou-
gar, Canada Lynx, Wildcat, American Elk and Plains Bison are known 
to have been represented. Others, such as the American Marten, Fisher, 
Common Wolverine, Swift Fox, Black Rat, Canada Porcupine and Ameri-
can Pronghorn, are thought to have been present, but no suitable evidence 
for their occurrence has been uncovered. These mammals and a few 
which ought to occur in the state but for which no authentic proof is 
available are included in a hypothetical supplement. Eleven forms which 
have appeared in former lists through misinterpretation of the known 
' Iowa State College, Iowa Conservation Commission, and American Wildlife Insti-
tute cooperating with the United States Bureau of Biological Survey. 
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range or description are contained in a separate group accompanied by 
an explanation for their removal. 
The nomenclature and systematic sequence are those presented in the 
"List of North American Recent Mammals, 1923," by Gerrit S. Miller, Jr., 
1924, except where revision has been made. The common names are those 
created by H. E. Anthony in his "Field Book of North American Mal-
mals," 1928. Each mammal is introduced by the common name. This is 
followed by the current scientific name and a brief synonymy. The 
synonymy commences with the publication of the original description and 
the type locality, and concludes with the names used by Allen (1871), 
Goding (1883), Osborn (1890), Van Hyning and Pellett (1910), Ruthven 
and Wood (1912), Stoner (1918), and Gabrielson (1921). 
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REVIEW OF THE LITERATURE 
The review is limited chiefly to former lists of Iowa mammals; how-
ever, recognition is given the reports of early surveys enfolding occa:. 
sional notes on natural history. The earliest of these is volume 59 of the 
"Jesuit Relations," monumental report of Marquette and Joliet. In 1673, 
these men passed along the eastern boundary of Iowa on the Mississippi 
River from the mouth of the Wisconsin River southward. 
Lewis and Clark were the first to report on Western Iowa, ascending 
the Missouri River in 1804 and returning by way of the same route in 
1806. Thomas Say, member of Major Long's expedition, remained through 
the winter of 1819-20 at Engineer Cantonment near the present town of 
Blair, in Washington County, Nebraska. Description of Say's Canis 
nubilus, Canis latrans Sorex brevicaudus = Blarina b. breicauda and 
Sorex parvus = Cryptotis parva as contained in volume one of "Long's 
Expedition to the Rocky Mountains" is from specimens taken during the 
stay at Engineer Cantonment. 
Several expeditions through Iowa were headed by Stephen Watts 
Kearny, officer in the United States Army. Kearny led an expedition 
from the vicinity of Council Bluffs to the junction of the Minnesota and 
Mississippi Rivers and southward on the Father of Waters to St. Louis. 
Brigadier-General Henry Atkinson accompanied Kearny on a two-year 
exploration of the Missouri River, starting from St. Louis in 1824. In 
1835, Kearny made his last journey over Iowa. This time he went from 
Keokuk northwest to Boonesboro, northeast to Lake Pepin, Minnesota, 
and returned over the same route. The eighth number of volume 12 in 
the Palimpsest contains a summarization of Kearny's travels in Iowa by 
W. J. Peterson. 
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Prince Maximilian of Wied, preparator of the earliest list of Indiana 
mammals, passed up the Missouri River in 1833 and returned in 1834. 
Wied's "Travels in the Interior of North America" was translated from 
the German and published · by the Arthur H. Clark Company of Cleve-
land, Ohio, in 1906. 
Probably the first attempt at enumeration of Iowa mammals was 
made by Dr. Isaac Galland of Montrose, Lee County, in 1840. "Galland's 
Iowa Emigrant" appears to be a description of the natural resources of 
Iowa Territory. The mammals are discussed under the subheading, 
"Beasts." Since Dr. Galland settled in Montrose in 1827 and died there 
in 1858, one may expect his writing to be reflective of Iowa. A reprint of 
Galland's book may be found in the Annals of Iowa, 1921, pp. 481-509. 
A review of John J. Audubon's visits to Iowa during his trip up the 
Missouri River in 1843 is given in volume 5 of the Annals of Iowa. 
-? Dr. J. A. Allen (1871) wrote the first list of Iowa mammals. In 1867, 
Allen spent the months of July, August and September making scientific 
observations on the wildlife of Iowa. Short visits were paid Boonesboro, 
Boone County, and Denison, Crawford County, but the investigation was 
carried on largely in Dallas, Guthrie, Greene, Carroll, Sac, Calhoun and 
Audubon counties. The 48 species listed by Allen are included from ob-
servations during the investigation or from known distribution. It is of 
signficance that Allen fails to give recognition to Cynonomys ludovicianus 
ludovicianus, Martes pennanti pennanti, Martes am.ericana americana, 
Gulo luscus, Spilogale interrupta, Lynx canadensis canadensis, Lepus 
townsendii campanius and Antilocapra americana americana. Allen's list 
remains as the most scientific preparation of its kind for Iowa mammals. 
In 1882, Dr. W. F. Goding (1883) presented a list of the wild and do-
mesticated mammals of Iowa at the meetings of the Iowa Agricultural 
Society. This work appears to have been based almost entirely upon in-
terpretation of the literature, and is therefore a somewhat questionable 
reference. 
The third list of Iowa mammals was offered by Dr. Herbert Osborn 
during the session of the Iowa Academy of Science in 1888. The paper 
was published in the proceedings of that organization in 1890. Osborn 
(1890, p. 41) reveals that he was in knowledge of Goding's work, since 
he writes: "I must add that a very few of the species included in Dr. 
Goding's list seem to me extremely doubtful." The species bearing doubt-
ful notation were: Martes pennanti pennanti, Condylura cristata, Gulo 
luscus, Peromyscus nuttali aureolus, Ochetodon humilis = Reithrodonto-
mys h. humilis and Lepus callotis. "A Partial Catalogue of the Animals 
of Iowa" by Osborn was published by the Iowa Agricultural College in 
1892. The mammals catalogued were, with some exceptions, supposed to 
have been represented by mounted specimens in the college museum. 
Evidence indicates that specimens were considered representative of Iowa 
mammals regardless of the locality record. A narrative dealing with the 
extinct and vanishing animals of the state is given by Osborn in the Annals 
of Iowa (1905). 
The Proceedings of the Iowa Academy of Science for 1910 contain a 
catalogue of Iowa mammals prepared by Van Hyning and Pellett. These 
writers exhibit a lack of familiarity with the literature and fail to include 
reference to museum specimens. Of the 88 mammals presented in this list, 
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33 are given a hypothetical rating. This paper by Van Hyning and Pellett 
represents the last attempt to write a complete list of Iowa mammals. 
An authentic record of the mammals of Clay and Palo Alto counties 
was prepared by Ruthven and Wood (1912). The record is based upon 
specimens collected in the vicinity from 1907 to 1912 and upon observa-
tions made during the expedition of 1907. The specimens are contained 
in the Museum of Zoology at the University of Michigan. 
"Rodents of Iowa," by Dayton Stoner (1918), provides valuable in-
formation on this large group of mammals. Helpful contributions are 
made by Spurrell (1917) for Sac County, by Gabrielson (1921) for Mar-
shall County, and by Stephens (1922) for the lake region of Dickinson 
County. 
Literature on the mammals of Iowa is not abundant. Perhaps it is be-
cause the mammals, with few exceptions, fail in appeal to the esthetic 
sense of man and are not subject to easy observation. 
CLASSIFIED LIST 
MAMMALS OF KNOWN RECENT OCCURRENCE 
CLASS MAMMALIA 
Order 1. MARSUPIALIA 
Family DmELPHimAE 
Virginia Opossum, Didelphis virginiana virginiana Kerr. 
Order 2. INSECTIVORA 
Family TALPmAE 
Prairie Mole, Scalopus aquaticus machrinus (Rafinesque). 
Missouri Valley Mole, Scalopus aquaticus machrinoides Jackson. 
Family Soa1cmAE 
Masked Shrew, Sorex cinereus cinereus I. Geoffroy. 
Hayden Shrew, Sorex cinereus haydeni (Baird). 
Hoy Pigmy Shrew, Microsorex hoyi hoyi (Baird). 
Little Short-tailed Shrew, Cryptotis parva (Say). 
Large Short-tailed Shrew, Blarina brevicauda brevicauda (Say). 
Order 3. CHIROPTERA 
Family VESPERTILIONIDAE 
Little Brown Bat, Myotis lucifugus lucifugus (Le Conte). 
Trouessart's Bat, Myotis keenii septentrionalis (Trouessart). 
Silver-haired Bat, LQ.sionycteris noctivagans (Le Conte). 
Big Brown Bat, Eptesicus fuscus fuscus (Beauvois). 
Northern Red Bat, Nycteris borealis borealis (Muller). 
Hoary Bat, Nycteris cinerea (Beauvois). 
Family MoLOssmAE 
Tacubaya Free-tailed Bat, Tadarida depressa (Ward). 
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Order 4. CARNIVORA 
Family URSIDAE 
American Black Bear, Euarctos americanus americanus (Pallas). 
Family PRocYONIDAE 
Eastern Raccoon, Procyon lotor lotor (Linnaeus) . 
Family MusTELIDAE 
Bonaparte Weasel, Mustela cicognani cicognani Bonaparte. 
Minnesota Weasel, Mustela longicauda spadix (Bangs). 
Common Mink, Mustela vison mink (Peale and Beauvois). 
Mississippi Valley Mink, Mustela vison letifera Hollister. 
Canada Otter, Lutra canadensis canadensis (Schreber). 
Prairie Spotted Skunk, Spilogale interrupta (Rafinesque) . 
Northern Plains Skunk, Mephitis hudsonica (Richardson). 
Illinois Skunk, Mephitis mesomelas avia (Bangs). 
Common Badger, Taxidea taxus taxus (Schreber) . 
Family CANIDAE 
Northern Plains Red Fox, Vulpes regalis Merriam. 
Wisconsin Gray Fox, Urocyon cinereoargenteus ocythous Bangs. 
Northern Coyote, Canis latrans Say. 
Timber Wolf, Canis nubilus Say. 
Family FELIDAE 
Rocky Mountain Cougar, Felis oregonensis hippolestes (Merriam). 
Canada Lynx, Lynx canadensis canadensis Kerr. 
Wildcat, Lynx rufus rufus (Schreber). 
Order 5. RonENTIA 
Family SCIURIDAE 
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Southern Woodchuck, Marmota monax monax (Linnaeus). 
Thirteen-striped Ground Squirrel, Citellus tridecemlineatus tridecemline-
atus (Mitchill). 
Franklin Ground Squirrel, Citellus franklini (Sabine). 
Gray Eastern Chipmunk, Tamias striatus griseus Mearns. 
Southern Red Squirrel, Sciurus hudsonicus loquax Bangs. 
Minnesota Red Squirrel, Sciurus hudsonicus minnesota Allen. 
Northern Gray Squirrel, Sciurus carolinensis leucotis (Gapper). 
Western Fox Squirrel, Sciun.ts niger rufiventer (Geoffroy). 
Small Eastern Flying Squirrel, Glaucomys volans volans (Linnaeus). 
Family GEOMYIDAE 
Shaw Pocket Gopher, Geomys bursarius (Shaw). 
Family liETERoMYIDAE 
Dusky Pocket Mouse, Perognathus flavescens perniger Osgood. 
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Family CASTORIDAE 
Missouri River Beaver, Castor canadensis missouriensis Bailey. 
Family CRICETIDAE 
Short-eared Grasshopper Mouse, Onychomys leucogaster breviauritus 
Hollister. 
Prairie Harvest Mouse, Reithrodontomys megalotis dychei (Allen). 
Baird White-footed Mouse, Peromyscus maniculatus bairdi (Hoy and 
Kennicott) . 
Northern White-footed Mouse, Peromyscus leucopus noveboracensis 
(Fischer). 
Goss Lemming Mouse, Synaptomys cooperi gossii (Coues). 
Pennsylvania Meadow Mouse, Microtus pennsylvanicus pennsylvanicus 
(Ord). 
Prairie Meadow Mouse, Microtus ochrogaster (Wagner). 
Woodland Pine Mouse, Pitymys nemoralis (Bailey). 
Common Muskrat, Ondatra zibethica zibethica (Linnaeus). 
Great Plains Muskrat, Ondatra zibethica cinnamomina (Hollister). 
Family MURIDAE 
House Mouse, Mus musculus musculus Linnaeus. 
Norway Rat, Rattus norvegicus (Erxleben). 
Family ZAPODIDAE 
Prairie Jumping Mouse, Zapus hudsonius campestris Preble. 
Order 6. LAGOMORPHA 
Family LEPORIDAE 
White-tailed Jack Rabbit, Lepus townsendii campanius Hollister. 
Mearns Cottontail, Sylvilagus floridanus mearnsi (Allen). 
Order 7. ARTIODACTYLA 
Family CERVIDAE , 
American Elk, Cervus canadensis canadensis (Erxleben). 
Plains White-tailed Deer, Odocoileus virginianus macrourus (Rafinesque). 
Family BovmAE 
Plains Bison, Bison bison bison (Linnaeus). 
MAMMALS OF HYPOTHETICAL OCCURRENCE 
Order 3. CHIROPTERA 
Family VESPERTILLONIDAE 
Little Gray Bat, Myotis griscens Howell. 
Georgian Bat, Pipistrellus subflavus subflavus (F. Cuvier). 
Rafinesque Bat, Nycticeius humeralis (Rafinesque). 
Order 4. CARNIVORA 
Family MusTELIDAE 
American Marten, Martes americana americana (Turton). 
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Fisher, Martes pennanti pennanti (Erxleben) . 
New York Weasel, Mustela noveboracensis noveboracensis (Emmons). 
Common Wolverine, Gulo luscus (Linnaeus). 
Long-tailed Texas Skunk, Mephitis mesomelas varians (Gray). 
Family CANmAE 
Swift Fox, Vulpes velox velox (Say). 
Order 5. RoDENTIA 
Family ScrunmAE 
Rufescent Woodchuck, Marmota monax refescens Howell. 
Southern Gray Squirrel, Sciurus carolinensis carolinensis Gmelin. 
Family CASTORIDAE 
Canadian Beaver, Castor canadensis canadensis Kuhl. 
Family CnrcETIDAE 
Little Gray Harvest Mouse, Reithrodontomys albescens griseus (Bailey). 
Family MURIDAE 
Black Rat, Rattus rattus rattus (Linnaeus). 
Family ZAPonmAE 
Hudson Bay Jumping Mouse, Zapus hudsonius hudsonius (Zimmermann). 
Family ERETHIZONTIDAE 
Canada Porcupine, Erethizon dorsatum dorsatum (Linnaeus). 
Order 7. ARTIODACTYLA 
Family ANTILOCAPRIDAE 
American Pronghorn, Antilocapra americana americana (Ord). 
MISINTERPRETATIONS 
Order 2. INSECTIVORA 
Family T ALPIDAE 
Star-nosed Mole, Condylura cristata (Linnaeus). 
Order 4. CARNIVORA 
Family CANIDAE 
Eastern Red Fox, Vulpes fulva (Desmarest). 
Order 5. RoDENTIA 
Family ScruRIDAE 
Black-tailed Prairie Dog, Cynomys ludovicianus ludovicianus (Ord). 
Eastern Chipmunk, Tamias striatus striatus (Linnaeus). 
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Family CRICETIDAE 
Southern Golden Mouse, 
Bachman). 
Peromyscus nuttalli aureolus (Audubon and 
Bailey Wood Rat, Neotoma flaridana baileyi (Merriam). 
Drummond Meadow Mouse, Microtus drummondi (Audubon and Bach-
man). 
Order 6. LAGOMORPHA 
Family LEP<>RIDAE 
Minnesota Varying Hare, Lepus americanus phaeonotus Allen. 
Wagler's Jack Rabbit, Lepus callotis Wagler. 
Great Plains Jack Rabbit, Lepus californicus melanotis (Mearns). 
Order 7. ARTIODACTYLA 
Family CERVIDAE 
Common Moose, Alces americana americana (Clinton). 
THE MAMMALS OF IOWA 
Order 1. MARSUPIALIA 
Family DIDELPHIIDAE 
VIRGINIA OPOSSUM 
Didelphis virginiana virginiana Kerr 
1792. Didelphis virginiana. Kerr, Anim. Kingd., p . 193. 
Type Locality: Virginia. 
1871. Didelphys virginiana. Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p. 194. 
1883. Did.el phys virginiana. Goding, Iowa State Agr. Soc. (1882), p. 331. 
1890. Diadelphys (sic) virginiana. Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 44. 
1910. Didelphis virginiana. Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 17, 
p. 212. 
1912. Didelphis virginiana. Ruthven and Wood, Proc. Iowa Acad. Sci., vol 19, p. 203. 
1921. Didelphis virginiana. Gabrielson, Proc. Iowa Acad. Sci., vol. 28, p. 147. 
The Virginia Opossum, typically Carolinean, is a relatively new ad-
dition to the mammalian fauna of Iowa. It may be found along timbered 
watercourses throughout the state, somewhat common in the southern 
five tiers of coU'nties and progressively less numerous toward the north. 
The northern limits of distribution have been extended most rapidly along 
the streams, especially those of the Mississippi and Missouri River valleys. 
The species is still considered rare in the north central counties. 
The opossum was probably present in Iowa long before the arrival 
of the first settlers. It was included in a discussion of the natural re-
sources of the Territory of Iowa by Dr. Izaac Galland (1840), and early 
settlers in Sac County told of seeing opossums at Grant and Lee groves 
upon their arrival in 1854 (Spurrell, 1917) . An intensive fauna! investi-
gation of Dallas, Guthrie, Boone, Greene, Carroll, Crawford, Sac, Cal-
houn, and Audubon counties, by Dr. J . A. Allen during the summer of 
1867 failed to afford the opportunity of collecting or observing this species; 
however, it was listed upon authentic report, as rare in southern Iowa 
(Allen, 1871). It is readily seen that Allen's investigation was carried out 
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high on the watershed between the Missouri and Mississippi Rivers, and 
therefore on the remote end of the wooded avenues of approach along 
streams. Perhaps that is why the opossum did not appear in that region 
until a later date. 
The species under discussion first appeared at Atlantic, Cass County, 
some time during the '90's, according to Frank C. Pellett (letter, 1936). 
Seton (1929, 4: 870) quotes Senator Lafayette Young as stating in 1915: 
"Opossums are now common as far up as Des Moines. It first came about 
10 years ago." Residents in the vicinity of Marshalltown were unfamiliar 
with this mammal in 1914 (Gabrielson, 1921). Spurrell (1917) tells of 
seeing two opossums taken in traps at Wall Lake, Sac County, in 1907, at 
which time they were just beginning to move out from the large streams. 
It is listed for Clay County by Ruthven and Wood (1912) on an authentic 
record obtained for Gillett's Grove. This record indicates that the opos-
sum was just appearing in the region by way of the Little Sioux River. 
Beyond the timbered lanes of our streams and their tributaries, the ad-
vance of the opossum has been retarded. Stephens (1922) gives the 
opossum only a hypothetical rating for Dickinson County. The writer has 
made two significant observations in relation to opossums in northern 
Iowa. Remains of an opossum were found in the stomach of a red fox 
taken at Ryan Lake, Emmet County, during the 1936-1937 winter, and 
an opossum, victim of highway traffic, was seen on state highway 13, 
about two miles south of Elkader, Clayton County, on August 16, 1936. 
Order 2. INSECTIVORA 
Family TALPIDAE 
PRAIRIE MOLE 
Scalopus aquaticus machrinus (Rafinesque) 
1832. Talpa machrina Rafinesque, Atlantic Journal, vol. 1, p. 61. Type Locality: 
Near Lexington, Fayette County, Kentucky. 
1883. ScalCYps argentatus Goding, Iowa State Agr. Soc. (1882), p. 330. 
1890. Scalops argentatus Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 42. 
1910. ScalCYps aquaticus machrinus Van Hyning and Pellett, Proc. Iowa Acad. Sci., 
vol. 17, p. 215. 
1921. ScalCYpus aquaticus machrinus Gabrielson, Proc. Iowa Acad. Sci., vol. 28, p. 149. 
The Prairie Mole is found wherever food and soil are suitable through. 
out eastern Iowa. 
The original range of this mole in Iowa, according to a map by Jackson 
(1915), is everywhere east of a line from Keokuk northw:est along the 
Des Moines River to Knoxville and due north to Deercreek on the Iowa-
Minnesota state line. This range may now be extended about 30 miles to 
the west. The old line marking the western limits for this mole in Iowa 
is changed only between Knoxville and Deercreek, where it reaches out 
to inculde Jewell, Hamilton County. This change is made on the basis of 
a specimen, No. 18a, taken at Jewell on March 8, 1936. Identification of 
this specimen was verified by H. H. T. Jackson of the United States Bio-
logical Survey. The specimen is now in the Iowa State College collection. 
Surber (1932) reports that machrinus has not been taken in Minnesota. 
This subspecies is listed for Dickinson County by Stephens (1922) 
and for Sac County by Spurrell (1917). Both of these records are far be-
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yond the known range and are not supported by specimens; hence, these 
records are misidentifications and undoubtedly refer to Jackson's S. a. 
machrinoides. 
There are four specimens of this mole from Fairport, Muscatine 
County, in the private collection of Thaddeus Surber, Superintendent of 
Fish Propagation, Minnesota Department of Conservation (letter, 1936). 
George G. Goodwin, Assistant Curator of the American Museum of Nat-
ural History, writes that there are seven specimens from Iowa City, 
Johnson County, in the museum collection (letter, 1936). 
Published records of museum specimens: Marshall Co., Marshall-
town, Gabrielson (1921), 1, probably in the collection of the United States 
Biological Survey; Marion Co., Knoxville, Jackson (1915), 1, Field Mu-
seum of Natural History; Henry Co., Hillsboro, Jackson (1915), 1, collec-
tion of the United States Biological Survey. 
Specimens examined: 
Hamilton County, Jewell, No. 18a, Iowa State College collection. 
MISSOURI VALLEY MOLE 
Scalopus aquaticus machrinoides Jackson 
1914. Scalopus aquaticus machrinoides Jackson, Proc. Biol. Soc. Washington, vol. 27, 
p. 19. Type Locality: Manhattan, Riley County, Kansas. 
1871. Scalops argentatus Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p. 187. (Not 
Rafinesque.) 
1890. Scalops aquaticus Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 42. (Not Linnaeus.) 
The Missouri Valley Mole is found wherever food and soil are suitable 
throughout western Iowa. 
The range of this subspecies in Iowa is everywhere west of a line 
almost due north and south from Missouri to Minnesota through Des 
Moines (Jackson, 1915). It has been reported east as far as the Mississippi 
River from both Minnesota (Surber, 1932) and Missouri (Jackosn (1915); 
hence, increased collection should give reason for extending the eastern 
limits of this mole's range in Iowa. No point of intergradation has been 
established within the state. 
Allen (1871) lists Scalops argentatus = S. a. machrinus as well 
known but not numerous. The investigations of Dr. Allen were all well 
within the known range of the more recently described machrinoides. In 
addition to Scalops argentatus = S. a. machrinus, Osborn (1890) lists 
Scalops aquaticus = S. a. aquaticus which is definitely a misidentification. 
It is possible that Osborn noticed a difference in Iowa moles and made 
reference to the only descriptions available at the time, in which case the 
reference may be considered a misidentification of machrinoides. Osborn 
appears to have considered this record a mistake, for it is not contained in 
a second list (Osborn, 1892). No explanation for this omission in the 
second list is given. 
Published records of museum specimens: Pottawattamie Co., Council 
Bluffs, Jackson (1915), 1, collection of the United States Biological Survey. 
Specimens examined: 
Story County, Ames, No. 22a, Iowa State College collection. 
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Family SORICIDAE 
MASKED SHREW 
Sorex cinereus cinereus I. Geoffroy. 
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1792. Sorex arcticus cinereus Kerr, Animal Kingdom, p. 206. Type Locality: Fort 
Severn, Ontario, Canada. 
1871. Sorex cooperi Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p. 187. 
1883. Sorex coO'peri, Goding, Iowa State Agr. Soc. (1882), p. 330. 
1890. Sorex cooperi Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 43. 
1910. Sorex personatus Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 17, p. 215. 
The Masked Shrew is common in moist habitats supporting rank 
vegetative growth throughout northeast Iowa. The known range for this 
shrew in Iowa, as interpreted from a map by Jackson (1929), appears to 
include Mitchell, Howard, Winneshiek, Allamakee, Floyd, Chickasaw, 
Fayette, Clayton, Bremer, Black Hawk, Buchanan, Delaware and Du-
buque counties. Nothing has been uncovered to provide reason for ma-
terial alteration of the ascertained range. It may be assumed that the 
range extends westward to Hamilton County, on grounds of a specimen, 
No. 14a, taken on the edge of a marsh at Jewell. The specimen is referable 
to S. c. haydeni but exhibits a tendency to approach S. c. cinereus. The 
identification was verified by Dr. H. H. T. Jackson. 
Sorex cooperi = S. c. cinereus was listed for Iowa on known distri-
bution by Allen (1871). Osborn (1890) offers the notation, "fairly com-
mon;" Stephens (1922) includes Sorex personatus = S. c. cinereus on 
hypothetical grounds for the lake regions in Dickinson County. The refer-
ence is assumed to be a misidentification of Baird's haydeni. 
Published records of museum specimens: Buchanan Co., Jackson 
(1928), 2, collection of the United States Biological Survey. 
HAYDEN SHREW 
Sorex cinereus haydeni (Baird). 
1857. Sorex haydeni Baird, Report Pacific R. R. Survey 8: part 1, Mammals, p. 29. 
Type Locality: Fort Union, Nebraska (later Fort Buford, now Mondak, Mont., 
near Buford, Williams County, N. Dak.). 
The Hayden Shrew is common in moist areas supporting rank growths 
of vegetation throughout northwest Iowa. 
The known distribution, interpreted from a map by Jackson (1928), 
apparently includes Lyon, Osceola, Dickinson, Sioux, O'Brien, Clay, Ply-
mouth, Cherokee, Buena Vista, Woodbury, Ida and Sac counties. Speci-
mens taken during this investigation provide reason for extending the 
range of this subspecies in Iowa. A specimen, No. 2a, was collected at 
Arnold's Park, Dickinson County, and two more, No. 7a and No.14a, were 
taken in a Scirpus-Typha associes at Jewell, Hamilton County. These new 
records permit the original range in Iowa to be extended eastward to a 
line drawn from Spirit Lake, Dickinson County, southeastward to Jewell, 
Hamilton County, and thence due west through Wall Lake, Sac County, 
to the Missouri River. It may be assumed that the true margin of this 
shrew's present range is located near Jewell, Hamilton County. This as-
sumption is based on a specimen, No. 14a, which has been mentioned be-
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fore as showing an approach to S. c. cinereus. According to Jackson 
(1928, p. 52) such a characteristic might serve to indicate the margin of 
the range, since he writes: "It is a rather variable form particularly in 
cranial characters, which show everywhere in a broad border along its 
range an approach toward S. c. cinereus." 
The first record of this shrew in Iowa is given by Spurrell (1917) for 
Sac County. The specimens mentioned by Spurrell are recorded by 
Jackson (1926). 
Published records of museum specimens: Sac Co., Wall Lake, 1, and 
Sac City, 1, Jackson (1928), collection of the United States Biological 
Survey. 
Specimens examined: 
Hamilton County, Jewell; Nos. 7a and 14a; Iowa State College col-
lection. 
Dickinson County, Arnold's Park; No. 2a; Iowa State College col-
lection. 
HOY PIGMY SHREW 
M icrosorex hoyi hoyi (Baird) . 
1857. Sorex hoyi Baird, Report Pacific R. R. Survey, vol. 8, part 1, Mammals, p. 32. 
Type Locality: Racine, Racine County, Wisconsin. 
The probable range of the Hoy Pigmy Shrew in Iowa, according to a 
map presented by Jackson (1928), is over northeast Iowa, north of a line 
drawn from the vicinity of Dubuque northwestward to Spirit Lake. Jack-
son had no specimens from Iowa, but assumed that the range passed 
through this part of Iowa from specimens taken in Minnesota, South 
Dakota and Wisconsin. 
Specimen, No. 21a, representing the first record of this shrew for 
Iowa, was taken at Clear Lake, Cerro Gordo County, during these inves-
tigations. The specimen was referred to this subspecies by Dr. H. H. T. 
Jackson. 
Specimens examined: 
Cerro Gordo County, Clear Lake; No. 21a; Iowa State College col-
lection. 
LITI'LE SHORT-TAILED SHREW 
Cryptotis parva (Say). 
1823. Sorex parvus Say, Long's Exped. Rocky Mts., vol. 1, p. 163. 
Type Locality: West bank of Missouri River, near Blair, Washington County, 
Nebraska. 
1883. Blarina exilipes Goding, Iowa State Agr. Soc. (1882), p. 330. 
1890. Blarina exilipes Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 43. 
1910. Blarina parva Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol 17, p . 215. 
1921. Cryptotis parva parva (sic) Gabrielson, Proc. Iowa Acad. Sci., vol. 28, p. 149. 
The Little Short-tailed Shrew is found throughout Iowa. The known 
range, as given by Miller (1924), includes all Iowa. This species has been 
included on state lists by Goding (1883), Osborn (1890 and 1892), and 
Van Hyning and Pellett (1910). Van Hyning and Pellett (1910, p. 215) 
offer the following notation: "Common over the state." 
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It is recorded for Marshall County by Gabrielson (1921) and for 
Sac County by Spurrell (1917) . The writer has examined specimens 
from Marion and Story counties, both of which were too badly crushed 
to permit preparation. 
There are two specimens of this shrew from Fairport, Muscatine 
County, in the private collection of Thaddeus Surber, Superintendent of 
Fish Propagation, Minnesota Department of Conservation (letter, 1936). 
LARGE SHORT-TAILED SHREW 
Blarina brevicauda brevicauda (Say) . 
1823. Sorex brevicaudus Say, Long's Exped. Rocky Mts., vol. 1, p. 164. 
Type Locality: West bank of Missouri River, near Blair, Washington County, 
Nebraska. 
1871. Blarina brevicauda Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p. 187. 
1883. Blarina brevicauda Goding, Iowa State Agr. Soc. (1882) , p. 330. 
1890. Blarina brevicauda Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 43. 
1910. Blarina brevicauda Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 17, p . 215. 
1921. Blarina brevicauda brevicauda Gabrielson, Proc. Iowa Acad. Sci., vol. 28, p. 149. 
The Large Short-tailed Shrew is found throughout all Iowa, more 
numerous in the wooded parts than in the open fields. 
The writer has chosen to follow Anthony (1928), Surber (1932) and 
others in considering Gapper's subspecies talpoides as indistinguishable 
from brevicauda. 
There are three specimens of this shrew from Fairport, Muscatine 
County, in the private collection of Thaddeus Surber, Superintendent of 
Fish Propagation, Minnesota Department of Conservation (letter, 1936). 
One specimen from Iowa City, Johnson County, is contained in the Ameri-
can Museum of Natural History (Goodwin, letter, 1936), and another from 
Knoxville, Marion County, is contained in the Field Museum of Natural 
History (Simms, letter, 1936). 
Published records of museum specimens: Dickinson Co., Stephens 
(1922), 1, private collection; Pottawattamie Co., Council Bluffs, Merriam 
(1895), 8, collection of the United States Biological Survey; Marion Co., 
Knoxville, Merriam (1895), 2, collection of the United States Biological 
Survey. 
Specimens examined: 
Story County, Ames; Nos. 51a, 144, 121, and 135; Iowa State Col-
lege collection. 
Hamilton County, Jewell; Nos. 3a and lla; Iowa State College col-
lection. 
Order 3. CHmOPTERA 
Family VESPERTILIONIDAE 
LITTLE BROWN BAT 
Myotis lucifugus lucifugus (Le Conte). 
1831. Vespertilio lucifugus Le Conte, McMurtrie's Cuvier, Animal Kingdom, vol. 1, 
p. 431. 
Type Locality: Georgia. 
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1890. Vespertilio lucifugus Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 42. 
1910. Myotis lucifugus Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 17, p. 215. 
The Little Brown Bat is found throughout all Iowa. Migratory habits 
cause it to be irregularly numerous in a given locality from season to 
season. 
Surber (1932) considers this subspecies as the most common bat in 
Minnesota. It is recorded for Nebraska as "Uncommon eastwardly" 
(Swenk, 1915, p. 854). 
Authentic records have been made for National, Clayton County, 
by Sherman (1929) and for Dickinson County by Stephens (1922). 
There is a specimen of this bat from Fairport, Muscatine County, in 
the private collection of Thaddeus Surber, Superintendent of Fish Propa-
gation, Minnesota Department of Conservation (letter, 1936). 
TROUESSART'S BAT 
Myotis Tceenii septentrionalis (Trouessart) 
1897. Vespertilio gryphus var. septentrionalis Trouessart, Cata!. Mamm. VIV. foss., 
p . 131. 
Type Locality: Halifax, Nova Scotia. 
1871. Vespertilio subulatus Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p. 187 (Not 
Say). 
1883. Vespertillio (sic) subulatus Goding, Iowa State Agr. Soc. (1882), p. 330 (Not 
Say). 
1890. Vespertilio subulatus Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 42 (Not Say). · 
1910. Myotis subulatus Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 17, p. 215 
(Not Say). 
The status of Trouessart's Bat is undetermined for Iowa. Lyon 
(1936, p. 65) writes that "Trouessart's Bat is distributed in eastern North 
America from Newfoundland and Quebec, south to Tennessee and South 
Carolina, west to North Dakota and Arkansas." 
In addition to inclusion by the writers recognized in the synonymy, 
this bat is listed by Osborn (1892). The latter record is supposed to have 
been supported by a specimen in the collection of the Iowa State College. 
The specimen cannot be found, and the value of the specimen as an Iowa 
record is somewhat doubtful (see p. 9). To the writer's knowledge, there 
are no authentic published records for museum specimens from Iowa. 
Van Hyning and Pellett (1910) list this species as common through-
out the state. It is considered "Of but local distribution in Minnesota, " 
by Surber (1932, p. 45). 
SILVER-HAIRED BAT 
Lasionycteris noctivagans (Le Conte) 
1831. V [espertilio] noctivagans Le Conte, McMurtrie's Cuvier, Animal Kingdom, 
vol. 1, p. 431. 
Type Locality: Eastern United States. 
1871. Scotophilus noctivagans Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p. 187. 
1883. Vespertillo noctivigans (sic) Goding, Iowa State Agr. Soc. (1882), p. 330. 
1890. Vesperugo noctivigans (sic) Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 42. 
1910. Lasionycteris noctivagans Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 
17, p. 215. 
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The Silver-Haired Bat occurs irregularly along the wooded streams 
in Iowa. It migrates southward upon the approach of autumn, and at that 
time may be seen flying during the day. 
The known range is "North America north of Mexico, from the At-
lantic to the Pacific; probably not breeding south of the transition zone" 
(Miller, 1924, p. 74). For Nebraska, Swenk (1915, p. 854) writes that the 
species is "Common over the state in migrations." It is believed to be 
widely distributed in Minnesota (Surber, 1932). 
To the writer's knowledge, there are no authentic published records 
for museum specimens from Iowa. 
BIG BROWN BAT 
Eptesicus fuscus fuscus (Beauvois) 
1796. VespertiZlio fuscu.s Beauvois, Catl. Raisonne Mus. Peale, Philadelphia, p. 18. 
Type Locality: Philadelphia, Pennsylvania. 
1871. Scotophilus fuscus Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p. 187. 
1890. V esperugo serotina Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 42. 
1910. Vespertilio fuscu.s Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 17, p. 215. 
The Big Brown Bat is found throughout all Iowa. It has been ob-
served at National, Clayton County, by Sherman (1929). Mr. Fred J. 
Pierce reports the species from Delaware County (letter, 1937). 
George C. Goodwin, Assistant Curator, writes that a specimen of this 
bat from Iowa City, Johnson County, is contained in the American Mu-
sewn of Natural History (letter, 1936). Two specimens from Dubuque, 
Dubuque County, are to be found in the Field Musewn of Natural His-
tory, according to Director Simms (letter, 1936). 
NORTHERN RED BAT 
Lasiurus borealis borealis (Muller) 
1776. Vespertilio borealis Milller, Natursyst. Suppl. p. 20. 
Type Locality: New York. 
1871. La.siurus noveboracensis Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p. 187. 
1890. Atalpha noveboracensis Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 42. 
1919. Lasiurus borealis Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 17, p. 215. 
1921. Nycteris borealis borealis Gabrielson, Proc. Iowa Acad. Sci., vol. 28, p. 149. 
The Northern Red Bat is found throughout the timbered parts of 
Iowa. It is considered our most abundant bat by Osborn (1890). Swenk 
(1915, p. 854) notes that this species is "Common over the state, especially 
eastwardly" in Nebraska. In Minnesota it is almost as common as the 
Little Brown Bat (Surber, 1932). 
Authentic records are at hand from Marshall County by Gabrielson 
(1921) and for Sac County by Spurrell (1917). There is a female with 
two young from Ames, Story County, on display in the Department of 
Zoology and Entomology at Iowa State College. 
Specimens examined: 
Story County, Ames: 3, Iowa State College collection. 
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HOARY BAT 
Lasiurus cinereus (Beauvois) 
1796. Vespertilio cinereus (misspelled linereus) Beauvois, Cati. Raisonne Mus. Peale, 
Philadelphia, p. 18. 
Type Locality: Philadelphia, Pennsylvania. 
1871. LasiuTU.B cinereus Allen, Proc. Boston Soc. Nal Hist., vol. 13, p. 187. 
1883. Vespertillio (sic) pruinoStLs Goding, Iowa State Agr. Soc. (1882) , p. 330. 
1890. Atalpha cinereus Osborn, Proc. Iowa Acad. Sci., vol 1, p. 42. 
1910. LasiuTU.B cinei-eus Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 17, p. 216. 
1912. La.siuTU.B cinereus Ruthven and Wood, Proc. Iowa Acad. Sci., vol. 19, p. 205. 
The Hoary Bat is probably most common as a spring and fall migrant 
in Iowa. Swenk (1915, p. 854) considers this bat a "Very common migrant 
over the state." It is thought to be rare in Minnesota (Surber, 1932). The 
known range is: "Boreal North America from Atlantic to Pacific, breeding 
within the Boreal Zone, but in autumn and winter migrating at least to 
southern border of United States" (Miller, 1897, p. 112) . The mounted 
specimen in the Iow:a State College Museum was taken July 2, 1901. 
Authentic records have been made for Palo Alto County by Ruthven 
and Wood (1912), for Dickinson County by Stephens (1922), and for Sac 
County by Spurrell (1917) . 
Specimens examined: 
Story County, Ames: 1, Iowa State College Museum. 
Family MoLI..ossmAE 
TACUBAYA FREE-TAILED BAT 
Tadarida depressa (Ward) 
1891. Nyctinomus depresStLS Ward, Amer. Nat., vol 25, p. 747. 
Type Locality: Tacubaya, Federal District, Mexico. 
1921. Nyctinomus depresStLS Gabrielson, Proc. Iowa Acad. Sci., vol. 28, p. 149. 
The Tacubaya Free-Tailed Bat appears as a straggler in southern Iowa. 
Published records of museum specimens: Marshall Co., Marshall-
town, Gabrielson (1921) , 1, Field Museum of Natural History (Simms, 
letter, 1936) ; Linn Co., Cedar Rapids, Cory (1912) , 1, location of speci-
men not given. 
Order 4. CARNIVORA 
Family UasmAE 
AMERICAN BLACK BEAR 
Euarctos americanus americanus (Pallas) 
1780. UrStLS americanus Pallas, Spicilegia zoologica, fasc. 14, p. 5. 
Type Locality: Eastern North America. 
1871. UrStLS arctos Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p. 184. 
1883. UrStLS Americanus (sic) Goding, Iowa State Agr. Soc. (1882), p. 330. 
1890. UrStLS arctos Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 42. 
1910. Ursus americanus Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 17, p. 217. 
The American Black Bear is extinct in Iowa. It was common through-
out the wooded parts of the state until about 1850. 
( 
I ) 
MAMMALS OF IOWA 59 
A bear was killed in the vicinity of the junction of Chequest Creek 
and the Des Moines River in 1838, according to Duffield (1903, p. 209), 
who writes: "Hanging near one of the tepees was the carcass of a large 
bear, the skin still on, and none of the meat seemed to have been taken 
out." In 1840 Galland (1921, p. 500) writes: "Bears are scarce, but the 
Indians succeed every winter in obtaining more or less of these animals, 
as appears from the skins which they bring to the traders." An early 
settler reported a bear for Sac County in 1855 (Spurrell, 1917) . 
Cory (1912) reports the bear to be extinct in Illinois and gives the 
latest record as that of a bear taken in Alexander County during the year 
1860. The black bear is still somewhat common in Minnesota as far south 
as the central part of Pine County (Surber, 1932). 
1758. 
1871. 
1883. 
1890. 
1910. 
1921. 
Family PROCYONIDAE 
EASTERN RACCOON 
Procyon lotor lotor (Linnaeus) 
[Ursus] lotor Linnaeus, Syst. Nat., ed. 10, vol. 1, p. 48. 
Type Locality: Eastern United States. 
Procyon lotor Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p. 184. 
Procyon lotor Goding, Iowa State Agr. Soc. (1882), p. 330. 
Procyon lotor Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 42. 
Procyon lotor Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 17, p. 216. 
Procyon lotor lotor Gabrielson, Proc. Iowa Acad. Sci., vol. 28, p. 149. 
The Eastern Raccoon is found along the wooded streams throughout 
the state. This mammal is believed common; however, its numbers con-
tinue to be limited by the destruction of den trees. 
Specimens examined: 
"Iowa": 3, Iowa State College Museum. 
BONAPARTE WEASEL 
Mustela cicognani cicognani Bonaparte 
1838. M [ustela] cigognanii (sic) Bonaparte, Charlesworth's Mag. Nat. Hist., vol. 2, 
p. 37. 
Type Locality: Northeastern North America. 
1871. Putorius vulgaris Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p. 183. 
1883. Putorius pusillus Goding, Iowa State Agr. Soc. (1882), p. 330. 
1890. Putorius vulgaris Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 42. 
The only authentic record of cicognani in Iowa is based on a specimen 
taken in the lake region of Dickinson County (Stephens, 1922). This 
specimen was referred to Mustela c. cicognani by Dr. H. H. T. Jackson. 
MINNESOTA WEASEL 
Mustela longicauda spadix (Bangs) 
1896. Putorius lcmgicauda spadix Bangs, Proc. Biol. Soc. Washington, vol. 10, p. 8. 
Type Locality: Fort Snelling, Hennepin County, Minnesota. 
1871. Putorius ermineus Allen, Proc. Boston Soc. Nat. Hist., vol 13, p. 183. 
1883. Putorius ermineus Goding, Iowa State Agr. Soc. (1882) , p. 330. 
1890. Putorius ermineus Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 42. 
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1910. Putorius longicauda Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 17, 
p. 217. 
1912. Putorius longicaudus (sic) Ruthven and Wood, Proc. Iowa Acad. Sci., vol. 19, 
p . 205. 
1921. Putorius longicauda subsp. Gabrielson, Proc. Iowa Acad. Sci., vol. 28, p. 149. 
The Minnesota Weasel is more or less common throughout the state. 
Authentic records are given for Johnson County by Nutting (1892), 
for Palo Alto County by Ruthven and Wood (1912), for Marshall County 
by Gabrielson (1921), for Dickinson County by Stephens (1922), and for 
Sac County by Spurrell (1917) . 
George G. Goodwin, Assistant Curator, writes that a specimen of this 
subspecies from Webb, in Clay County, is contained in the American 
Museum of Natural History (letter, 1936). 
Published records of specimens: Johnson Co., Nutting (1892), 1, 
University of Iowa Museum; Palo Alto Co., Ruthven and Wood (1912), 
1, Museum of Zoology at the University of Michigan; Sac Co., Spurrell 
(1917), 2, Smith collection at Sac City. 
COMMON MINK 
Mustela vison mink (Peale and Beauvois) 
1796. M'UStela mink Peale and Beauvois, Cati. Peale's Mus., Philadelphia, p. 39. 
Type Locality: Maryland. 
1871. Putori'US lutreolus Allen, Proc. Boston. Soc. Nat. Hist., vol. 13, p . 183. 
1883. Putorius lutreol'US Goding, Iowa State Agr. Soc. (1882), p. 330. 
1890. Putorius lutreol'US Osborn, Proc. Iowa Acad. Sci., vol. 1, p . 42. 
1910. Lutreola vison Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 17, p . 217. 
1921. Putori'US vison lutreocephal'US Gabrielson, Proc. Iowa Acad. Sci., vol 28, p. 149. 
The status of the Common Mink in Iowa is undetermined. This sub-
species probably ranges throughout the state, increasing in numbers 
towards the south. 
A specimen of this subspecies from Iowa City, in Johnson County, is 
contained in the American Museum of Natural History (Goodwin, letter, 
1936). This is the only definite record of this mink in Iowa. 
MISSISSIPPI VALLEY MINK 
M ustela vison letifora Hollister 
1913. M'UStela vison letifora Hollister, Proc. U. S. Nat. Mus., vol. 44, p . 475. 
Type Locality: Elk River, Sherburne County, Minnesota. 
The status of the Mississippi Valley Mink is undetermined for Iowa. 
The range probably extends throughout the state, increasing in numbers 
toward the north. Surber (1932) gives the range of this subspecies in 
Minnesota to the Iowa border. 
The only published record for letifora in Iowa is offered by Spurrell 
(1917), who bases the record on a specimen in the Smith collection. 
Specimens examined: 
Decatur County, Leon: Nos. 39a, 40a and 47a (skulls); Iowa State 
College collection. 
Boone County, Luther: No. 36a; Iowa State College collection 
I 
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(All of the specimens in the Iowa State College collection were ex-
amined by A.H. Howell of the United States Biological Survey.) 
CANADA OTTER 
Lutra canadensis canadensis (Schreber) 
1776. Lutra canadensis Schreber, Saugethiere, pl. 126b. 
Type Locality: Eastern Canada. 
1871. Lutra canadensis Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p. 183. 
1883. Lutra canadensis Goding, Iowa State Agr. Soc. (1882), p. 330. 
1890. Lutra canadensis Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 42. 
1910. Lutra canadensis Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 17, p. 217. 
The Canada Otter was formerly found throughout the state wherever 
a supply of food in the form of fish was to be found. Through persistent 
trapping the otter became uncommon at an early date. Galland (1921) 
observed that the animal was becoming scarce. The reports received by 
Allen (1871, p. 183) during the summer of 1867 led him to write: "Said 
to be common on the Raccoon rivers, and generally more or less so 
throughout the State." The otter is considered rare by Osborn (1890) , 
and was thought to have been etxinct about 1890 by Van Hyning and 
Pellett (1910). 
The otter is well-known as a wanderer and continued to appear at 
irregular intervals throughout the state until about 1913. The specimen 
contained in the Iowa State College Museum was taken at Cambridge, in 
Story County, in the spring of 1881. 
Van Hyning (1913, p. 312) quotes from a letter by George H. Berry, 
of Cedar Rapids, April 8, 1913: "Two otter went up the Cedar River on 
the ice in December and were tracked in the snow for nearly eight miles. 
Dr. Bailey of Coe College is negotiating for the skin of one caught the past 
winter, near Albia." Van Hyning (1913, p. 311) fails to name the writer 
of a letter composed at Knoxville, in Marion County, February 24, 1913: 
"M. W. Conwell, a local furrier, displays the skin of a large otter recently 
trapped on the Des Moines River, near Harvey, ten miles east of Knox-
ville. The pelt is in fine condition from the standpoint of the furrier, 
and is 5 feet 9 inches from tip to tip. The animal was trapped by John 
Morgan. About a week ago one of Mr. Morgan's traps was sprung by an 
otter which gnawed its leg off and escaped." This information probably 
came from G. K. Cherrie, who collected mammals in the vicinity of 
Knoxville, especially during the last of the nineteenth century. The latter 
information probably represents the last published record of the occur-
rence of the otter in Iowa. 
Specimen examined: 
Story County, Cambridge: 1, Iowa State College Museum. 
PRAIRIE SPOTTED SKUNK 
Spilogale interrupta (Rafinesque) 
1820. Mephitis interrupta Rafinesque, Annals of Nature, vol. 1, p. 3. 
Type Locality: Upper Missouri. 
1910. Spilogale interrupta Van Hyning and Pellett, Proc. Iowa Acad. Sci, vol. 17, p. 217. 
1912. Spilogale interrupta Ruthven and Wood, Proc. Iowa Acad. Sci., vol. 19, p. 205. 
1921. Spilogale interrupta Gabrielson, Proc. Iowa Acad Sci., vol. 28, p. 149. 
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The Prairie Spotted Skunk is a southern species which has extended 
its range over Iowa in recent years. 
The first authentic record of this skunk's presence in Iowa was made 
at Grinnell in 1870 by Parker (1870). Spurrell (1917) writes that early 
settlers in Sac County reported trapping the first spotted skunk in 1858. 
It was obviously scarce in the state as late as 1892, since it is not listed by 
such early writers as Allen (1871), Goding (1883) and Osborn (1890 and 
1892). It was so scarce that Nutting (1892), unaware of Parker's publi-
cation, records this species as "New to the State" from specimens taken at 
Iowa City, in Johnson County. Spurrell (1917) writes that this species 
became numerous in Sac County in 1890. In 1902, trappers around Mar-
shalltown, in Marshall County, told Seton (1929, vol. 2) that this species 
was new and increasing. A fresh specimen of this species taken February 
3, 1902, at Marshalltown, in Marshall County, is sketched by Seton (1929, 
2: 395). By 1907 it was considered quite common in Clay and Palo Alto 
counties by Ruthven and Wood (1912) . 
George G. Goodwin, Assistant Curator, writes that there are seven 
specimens of this species from Iowa City, Johnson County, contained in 
the American Museum of Natural History (letter, 1936). 
Published records of specimens: Tama Co., Gladbrook, A. H. Howell 
(1906), 1, collection of United States Biological Survey; Marshall Co., 
Marshalltown, A. H. Howell (1906), 2, collection of United States Biologi-
cal Survey. 
Specimens examined: 
Decatur County, Leon; No. 42a (skull); Iowa State College collec-
tion. 
NORTHERN PLAINS SKUNK 
Mephitis hudsonica (Richardson) 
1829. Mephitis americana var. hudscmica Richardson, Fauna Boreali-Americana, 
vol. 1, p. 55. 
Type Locality: Plains of Saskatchewan, Canada. 
1910. Chincha hudsonica Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 17, p. 217. 
1912. Chincha hudsonica Ruthven and Wood, Proc. Iowa Acad. Sci., vol. 19, p. 204. 
The Northern Plains Skunk is found throughout the northern one-
half of the state. The southern limit of the range has not been determined, 
but it is probably through central Iowa. 
The only authentic published record for this species in Iowa is by 
Ruthven and Wood (1912). This record is based on two specimens taken 
during the expedition of 1907 in Clay and Palo Alto counties. The speci-
mens are in the Museum of Zoology at the University of Michigan. 
Mephitis hudsonica is found throughout Minnesota (Surber, 1932), 
but it is not listed for Missouri (Bennitt and Nagel, 1937). 
ILLINOIS SKUNK 
Mephitis mesomelas avia (Bangs) 
1898. Mephitis avia Bangs, Proc. Biol. Soc. Washington, vol. 12, p. 32. 
Type Locality: San Jose, Mason County, Illinois. 
1871. Mephitis mephitica Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p. 183. 
1883. Mephitis mephitica Goding, Iowa State Agr. Soc. (1882), p. 330. 
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1890. Mephitis mephitica Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 42. 
1910. Chin.cha mesomeles (sic) avia Van liyning and Pellett, Proc. Iowa Acad Sci., 
vol. 17, p. 217. 
1921. Mephitis· mephitis (sic) avia Gabrielson, Proc. Iowa Acad Sci., vol. 28, p . 148. 
The Illinois Skunk is found in southern Iowa with the northern limit 
of its range undetermined. The northward extension of its range is prob-
ably greater in the east than it is in the west. It is found throughout Mis-
souri by Bennitt and Nagel (1937)), but there is no record for Minnesota. 
Spurrell (1917) lists Mephitis mesomelas avia for Sac County, but 
the reference is open to question. An authentic record of avia is based 
on a skull taken at Ames and referred to this subspecies by A. H. Howell 
of the United States Biological Survey. 
Published records of museum specimens: Delaware Co., A. H. Howell 
(1901), 1, collection of the United States Biological Survey. 
Specimens examined: 
Story County, Ames; No. 38a (skull); Iowa State College collection. 
COMMON BADGER 
Taxidea taxus taxus (Schreber) 
1778. Ursus taxus Schreber, Saugthiere, vol. 3, p. 520 
Type Locality: Labrador and Hudson Bay. 
1871. Taxidea americana Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p. 183. 
1883. Taxidea Americana (sic) Goding, Iowa State Agr. Soc. (1882), p. 330. 
1890. Taxidea americana Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 42. 
1910. Taxidea americana Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 17, p. 217. 
1912. Taxidea taxus Ruthven and Wood, Proc. Iowa Acad. Sci., vol. 19, p. 204. 
The Common Badger is found in all Iowa. Badger populations ex-
hibit a fluctuation, the cause of which would make an interesting and 
valuable determination. 
In 1883, it was recorded as rare (Goding, 1883); in 1905 Osborn 
(1905) believed that there were few if any remaining, and by 1910 it was 
thought to be extinct (Van Hyning and Pellett, 1910). It was later found 
not to have become extinct (Van Hyning, 1913). 
Opinion indicates that this mammal has shown a recent increase in 
numbers. Trapping records obtained from biennial and unpublished re-
ports of the Iowa Conservation Commission appear to bear this out. 
Season 
1930-31 
1931- 32 
1932-33 
1933-34 
1934-35 
1935-36 
Number taken 
75 
56 
17 
227 
207 
611 
Specimens examined: 
Average value 
Undetermined (Unpublished report, 1931) 
Undetermined (Unpublished report, 1932) 
$4.00 (Iowa, 1934, p. 27) 
$3.75 (Iowa, 1934, p. 27) 
$5.50 (Iowa, 1936, p. 37) 
$5.12 (Iowa, 1936, p. 37) 
"S. E. Iowa"; museum No. 1; Iowa State College Museum. 
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Family CANIDAE 
NORTHERN PLAINS RED FOX 
V ulpes regalis Merriam 
1900. Vu.lpes regalis, Merriam,-Proc. Washington Acad. Sci., vol. 2, p. 672. 
Type Locality: Elk River, Sherburne Co., Minnesota. 
1871. Vu.lpes vulgaris Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p. 192 (Not Des-
marest). 
1883. Vu.lpes vu.lgaris Goding, Iowa State Agr. Soc. (1882), p. 330 (Not Desmarest). 
1890. Vu.lpes vulgaTis Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 42 (Not Desmarest). 
1910. Vu.lpes pennsylvanicus Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 17, 
p. 217 (Not Desmarest). 
1921. Vu.lpes fu.lvu.s fu.lvus Gabrielson, Proc. Iowa Acad. Sci., vol. 28, p. 148 (Not 
Desmarest). 
The Northern Plains Red Fox is found throughout all Iowa, being 1] 
most numerous over its ancient range in the northern part of the state. 
All published records of the red fox in Iowa refer to fulva. Only one 
record can be so construed as to appear to have been substantiated by a 
museum skin. C. C. Nutting (1895, p. 43) refers to this specimen, taken 
in Johnson County, as "The red fox, Vulpes velox ... "and represents it 
as being in the Unviersity of Iowa Museum. Nutting explains that this fox 
was becoming more numerous in southeastern Iowa at the time, 1894; 
hence, there is no doubt but that the correct reference is to regalis and not 
to velox, a plains species with no authentic standing in Iowa. Nutting's 
specimen is not in the University of Iowa Museum (Dill, letter, 1937). 
In 1867, the red fox was numerous from Wall Lake northward and 
occasional south of that point (Allen, 1871). The original range was grad-
ually extended southward. Pellett writes that it first appeared at Atlantic, 
in Cass County, during the 1900's (letter, 1936). Despite persistent hunt-
ing and year around open season, the red fox continues to maintain its 
population throughout the state and to increase its numbers in the ex-
tended range over southern Iowa. 
During this investigation specimens were taken at Estherville, in 
Emmet County, at Missouri Valley, in Harrison County, and at Leon, in 
Decatur County. All of these specimens have been referred to regalis by 
A. H. Howell. 
Specimens examined: 
Emmet County, Estherville: No. 45a (skull); Iowa State College 
collection. 
Harrison County, Missouri Valley: No. 47a (skin and skull); Iowa 
State College collection. 
Decatur County, Leon: Nos. 48a, 49a, 50a, 52a, 53a, 54a, 55a, 56a, 
57a, 58a, 59a, and 60a (skulls); Iowa State College and United 
States Biological Survey collections. 
WISCONSIN GRAY FOX 
Urocyon cinereoargenteus ocythus Bangs 
1899. Urocyon cinereoargenteus ocythus Bangs, Proc. New England Zool. Club, vol. 1, 
p . 43. 
Type Locality: Platteville, Grant County, Wisconsin. 
1871. Vulpes virginianus Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p. 182. 
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1883. Vulpes virginianus Goding, Iowa State Agr. Soc. (1882), p. 330. 
1890. Urocyon virginianus Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 42. 
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1910. Urocyon cinereoargenteus Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 
17, p. 218. 
The Wisconsin Gray Fox is founJ over northeastern Iowa. The limits 
of the range have not been determined. 
The gray fox was believed "Frequent, but not especially numerous" 
by Allen (1871, p. 43). It is listed for Sac County by Spurrell (1917) on 
questionable report. Its presence there is extremely doubtful. 
Specimens examined: 
"Iowa"; museum No. 1; Iowa State College Museum. 
NORTHERN COYOTE 
Canis latrans Say 
1823. Canis latrans Say, Long's exped. Rocky Mts., vol. 1, p. 168. 
Type Locality: Blair, Washington County, Nebraska. 
1871. Canis latrans Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p. 181. 
1883. Canis latrans Goding, Iowa State Agr. Soc. (1882), p. 329. 
1890. Chrysocyon latrans Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 42. 
1910. Canis latrans Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 17, p. 218. 
1912. Canis latrans Ruthven and Wood, Proc. Iowa Acad. Sci., vol. 19, p. 204. 
1921. Canis latrans latrans (sic) Gabrielson, Proc. Iowa Acad. Sci., vol. 28, p. 148. 
The Northern Coyote appears to maintain occasional and irregular 
appearance throughout the state, showing a natural inclination for the 
less settled areas. As early as 1867 it was considered as formerly numer-
ous (Allen, 1871). The Coyote has been given a more or less occasional 
rating by the more recent writers. 
During this investigation specimens were taken at Missouri Valley, 
in Harrison County, and at Leon, in Decatur County. These specimens 
were referred to latrans by A. H. Howell of the United States Biological 
Survey. 
Published records of museum specimens: Linn Co., Cory (1912), 2 
skulls, Coe College collection. 
Specimens examined: 
Decatur County, Leon; No. 46a (skull); Iowa State College collec-
tion. 
Harrison County, Missouri Valley; No. 44a (skull); Iowa State 
College collection. 
TIMBER WOLF 
Canis nubilus Say 
1823. Canis nubilus Say, Long's Exped. Rocky Mts., vol. 1, p. 169. 
Type Locality: Blair, Washington County, Nebraska. 
1871. Canis lupus Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p. 181. 
1883. Canis occidentalis Goding, Iowa State Agr. Soc. (1882), p. 329. 
1890. Canis lupus Osborn, Proc. Iowa Acad. Sci., vol 1, p. 41. 
1910. Canis nubilus Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 17, p. 218. 
The Timber Wolf is of irregular occurrence throughout the state, 
appearing most frequently in the southeastern counties. 
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Allen (1871, p. 181) indicates that this species was common until 
about the middle of the last century, since writes: " ... common less 
than 20 years since, they are now scarce ... " In the 1890's, the wolf was 
thought to be increasing in northern Iowa (Nutting, 1893 and 1895). 
Spurrell (1917), writing for Sac County, received the information that 
the last wolf had been killed in 1868. Mr. P. Johann, Conservation Offi-
cer, reported two wolves as passing through Emmet County during the 
winter of 1935-36. Newspaper articles in respect to wolves appear from 
time to time, but a satisfactory tracing has not been effected as yet. Fre-
quently such references are to latrans. 
The recent survey of Bennitt and Nagel (1937, p. 26) in Missouri 
found nubilus to be "Common to rare in all counties, more numerous in 
southern Missouri." 
Family FELIDAE 
ROCKY MOUNTAIN COUGAR 
Felis oregonensis hippolestes (Merriam) 
1897. Felis hippolestes Merriam, Proc. Biol. Soc. Washington, vol. II, p. 219. 
Type Locality: Wind River Mountains, Fremont County, Wyoming. 
1871. Felis concoWI' Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p. 181. 
1883. Felis concolM, Goding, Iowa Agr. Soc. (1882), p. 329. 
1890. Felis concolor Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 41. 
1910. Felis concolor Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 17, p. 218. 
The Rocky Mountain Cougar formerly appeared throughout the 
wooded parts of the state. 
The species is included in all the former lists of Iowa mammals from 
Allen (1871) to Van Hyning and Pellett (1910). These records are made 
largely upon known distribution and report. In 1840 Galland (1921, p. 
500) writes: "The Panther is rarely seen in the country; their skins are 
to be found among the Indians, but I have not seen the animal alive in 
the country." A rather colorful report is offered by Van Hyning (1913, 
p. 312), but he fails to give the source of information. He quotes: "After 
a furious battle this morning (April 13, 1909) with a mountain lion, which 
sprung upon him while he was hunting on an island in Rush Lake, Walter 
Strauss of this place (Ocheyedan, Osceola County) finally killed the ani-
mal with a well directed shot from his Winchester. The animal weighed 
160 pounds-measuring six feet from the nose to tip of tail.'' Swenk 
(1915, p. 853) writes for Nebraska: "Formerly common, now rare or ex-
tinct northwestwardly." It was reported to have been seen in Illinois as 
late as 1905 (Cory, 1912). 
CANADA LYNX 
Lynx canadensis canadensis Kerr 
1792. Lyn;r canadensis Kerr, Anim. Kingd., vol. 1, systematic catalogue inserted be-
tween pages 32 and 33 (description, p. 157). 
Type Locality: Eastern Canada. 
1883. Lynx canadE!'1118is Goding, Iowa State Agr. Soc. (1882), p. 329. 
1890. Lynx canadensis Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 44. 
1910. Lyn;r canadensis, Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 17, p. 218. 
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The Canada Lynx entered northern Iowa as a straggler before and 
during the early days of settlement. The species has been included in all 
state lists since Goding (1883). It is found in an early list of the mammals 
for Cook County, Illinois (Kennicott, 1855) . 
Swenk (1915, p. 353), writing for Nebraska, considers it "Very rare 
northwardly, probably etxinct in the state." Records of canadensis, as 
made by untrained observers, are almost inseparable from those for riifus. 
Spurrell (1917) provides one of the more accurate records, since he was 
informed by professional trappers in Sac County of three taken in 1869 
and one in 1875. On the authority of Spurrell's inclusion, it is believed 
safe to accept the statement of Mosher (1882), who writes: "A few Canada 
Lynxes are here, but they are rare; four have been killed here since I 
came." There is a record of this lynx being taken on the island south of 
Muscatine (Van Hyning, 1913). The specimen is said to have been the 
size of a wolf. A small wolf is at least twice the weight of the largest lynx. 
Increased doubt is found for the record since it is so far off the natural 
range. The specimen, which was supposed to have been prepared by a 
taxidermist at Iowa City, has not been located. 
WILDCAT 
Lynx mfus rufus (Schreber) 
1777. Felis rufa Schreber, Saughthiere, pl. 109b. 
Type Locality: New York. 
1871. Lynx rufus Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p . 181. 
1883. Lynx rufus Goding, Iowa State Agr. Soc. (1882), p. 329. 
1890. Lynx rufus Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 41. 
1910. Lynx rufus Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 17, p. 218. 
The Wildcat was formerly found throughout Iowa, and it is barely 
possible that stragglers may still appear in the bluffs along the Mississippi 
River in the northeastern part of the state. 
Osborn (1905) considered the species near extinction. For Nebraska, 
Swenk (1915, p. 853) included it as "Rare eastwardly." Stephens (1922) 
writes that specimens, taken here and there throughout northwestern 
Iowa, are probably this animal. In Minnesota "It is more common than 
is generally known along the Mississippi River bluffs where it finds con-
genial habitat among the cliffs" (Surber, 1932, p. 56). 
A specimen, bearing the locality record "Iowa" and without the date 
of capture is contained in the Iowa State College Museum. 
Specimens examined: 
"Iowa"; museum No. 1; Iowa State College Museum. 
Order 5. RonENTIA 
Family ScIURIDAE 
SOUTHERN WOODCHUCK 
Marmota monax monax (Linnaeus) 
1758. [Mus] monax Linnaeus, Syst. Nat., ed. 10, vol. 1, p. 60. 
Type Locality: Maryland. 
1871. Arctomys monax Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p. 190. 
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1883. Arctomys monax Goding, Iowa State Agr. Soc. (1882), p. 331. 
1890. Arctomys monax Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 43. 
1910. Arctomys monax Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 17, p. 214. 
1918. Marmota monax monax Stoner, Iowa Geol. Survey, Bul. No. 5, p. 45. 
1921. Marmota monax monax Gabrielson, Proc. Iowa Acad. Sci., vol. 28, p. 148. 
The Southern Woodchuck, formerly south of Iowa, is now found 
throughout the state. The northward extension of its range was most rapid 
along wooded streams; hence, the earliest observations of this mammal 
were made along the larger streams of the Missouri and Mississippi River 
systems. Perhaps this is what led Stoner (1918, p. 45), being most familiar 
with the Mississippi Valley, to write: "The woodchuck is a common rodent 
throughout the eastern half of the state, but is seldom met with in the 
extreme western counties." 
Spurrell (1917) was informed that the woodchuck was present in Sac 
County when the settlers first came in 1854. While Allen (1871) further 
south but higher in the Missouri-Mississippi watershed did not record the 
species as late as 1867. A reported observation of the animal in Davis 
County was accepted by Allen during the same investigation. It was not 
until the 1900's that the woodchuck appeared at Atlantic, Cass County 
(Pellett, letter, 1936). Spurrell (1917) saw an increased number of the~e 
animals in Sac County after 1905. It was not observed by Ruthven and 
Wood (1912) in Clay and Palo Alto counties during the expedition of 
1907. In about 1916 the first woodchucks apl?eared in the lake region of 
Dickinson County (Stephens, 1922). Unfortunately, the specimen from 
Ames, Story County, in the Iowa State College, bears no date of capture. 
Published records of museum specimens: Sac Co., Wall Lake, A.H. 
Howell (1915), 1, University of Iowa Museum; Johnson Co., A. H. Howell 
(1915), 8, University of Iowa Museum. 
Specimens examined: 
Story County, Ames, museum No. 34; Iowa State College Museum. 
THIRTEEN-STRIPED GROUND SQUIRREL 
Citellus tridecemlineatus tridecemlineatus (Mitchill) 
1821. Sciurus tridecem-lineatus Mitchill, Med. Repos., N. S. vol. 6 (21), p. 248. 
Type Locality: Central Minnesota. 
1871. Spermophilus tridecem-lineatus Allen, Proc. Boston Soc. Nat. Hist., Vol. 13, 
p. 189. 
1883. Spermophilus tridecem-lineatus Goding, Iowa State Agr. Soc. (1882), p. 331. 
1890. Spermophilus tridecemlineatus Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 43. 
1910. Spermophilus tridecemlineatus Van Hyning and Pellett, Proc. Iowa Acad. Sci., 
vol. 17, p. 214. 
1912. Citellus tridecemlineatus Ruthven and Wood, Proc. Iowa Acad. Sci., vol. 
19, p. 203. 
1918. Citellus tridecemlineatus tridecemlineatus Stoner, Iowa Geol. Survey, Bul. No. 5, 
p. 29. 
1921. Citellus tridecemlineatus tridecemlineatus Gabrielson, Proc. Iowa Acad. Sci., 
vol. 28, p. 147. 
The Thirteen-striped Ground Squirrel is a common resident through-
out the open grasslands of the state. The species is most abundant in the 
northern part of the state. 
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A specimen of this species from Luxemburg, Dubuque County, is 
contained in the Field Museum of Natural History (Simms, letter, 1936). 
This is more than likely the specimen to which Cory (1912, p. 144) refers. 
Surber has a specimen from Fairport, Muscatine County, in his private 
collection (letter, 1936). George G. Goodwin, Assistant Curator, writes 
of 17 specimens from Webb, Clay County, in the American Museum of 
Natural History (letter, 1936). 
Published records of museum specimens: Clay and Palo Alto counties, 
Ruthven and Wood (1912), 27, Museum of Zoology, University of Michi-
gan. 
1822. 
1871. 
1883. 
1890. 
1910. 
1912. 
1918. 
1921. 
Specimens examined: 
Story County, Ames; 3; Iowa State College Museum. 
FRANKLIN GROUND SQUIRREL 
Citellus franklini (Sabine) 
Arctomys franklini Sabine, Trans. Linn Soc., vol. 13, p. 587. 
Type Locality: Vicinity of Carlton House, Saskatchewan, Canada. 
Spermophilus franklini Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p. 189. 
Spermophil'US franklini Goding, Iowa State Agr. Soc. (1882), p. 331. 
Spermophil'US franklini Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 43. 
Spermophil'US franklini Van Hyning and Pellett, Proc. Iowa Acad. Scl., vol. 17, 
p. 214. 
Citellus franklini Ruthven and Wood, Proc. Iowa Acad. Sci,. vol. 19, p. 204. 
Arctomys franklinii (sic) Stoner, Iowa Geol. Survey, Bul. No. 5, p. 36. 
Citellus franklini Gabrielson, Proc. Iowa Acad. Sci., vol. 28, p. 147. 
The Franklin Ground Squirrel is found throughout the state, origi-
nally inhabiting the open prairie and later spreading over the areas opened 
by agriculture. The irregular occurrence of this species in a given locality 
may be due to migration. It is not nearly so numerous as tridecimlineatus. 
Surber (letter, 1936), Superintendent of Fish Propagation, Minnesota 
Department of Conservation, writes that a specimen of this species from 
Fairport, Muscatine County, is contained in his private collection. There 
are four specimens from Webb, Clay County, and one from Iowa City, 
Johnson County, in the Amreican Museum of Natural History (Goodwin, 
letter, 1936). 
Published records of museum specimens: Clay Co., Ruthven and 
Wood (1912), 10, Museum of Zoology, University of Michigan. 
GRAY EASTERN CIIlPMUNK 
Tamias striatus griseus Mearns 
1891. Tamias striatus griseus Mearns, Bul. Amer. Mus. Nat. Hist., vol. 3, p. 231. 
Type Locality: Fort Snelling, Hennepin County, Minnesota. 
1871. Tamias striatus Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p. 189. 
1883. Tamias striatus Goding, Iowa State Agr. Soc. (1882), p. 331. 
1890. Tamias striatus Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 43. 
1910. Tamias striatus griseus Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 17, 
p. 214. 
1918. Tamias striatus griseus Stoner, Iowa Geol. Survey, Bul. No. 5, p. 27. 
!921. Tamias striatus griseus Gabrielson, Proc. Iowa Acad. Sci., vol. 28, p. 147. 
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The Gray Eastern Chipmunk is rather generally distributed through-
out the wooded parts of the state. Early reports indicate that it is not 
nearly so numerous as it was at the time of settlement. At present it 
appears to be locally common in eastern and southeastern Iowa and de-
creasing in numbers wherever the wooded cover is being removed. 
A specimen from Cedar Rapids, Linn County, in the Coe College 
Museum was examined by Cory (1912) and referred to griseus. There· 
are no specimens of Tamias in the Coe College Museum at the present 
time (Stiles, letter, 1937) . 
Published records of museum skins: Story Co., Ames, A. H. Howell 
(1929), 1, collection of the United States Biological Survey; Des Moines 
Co., Burlington, A. H. Howell (1929), 29, collection of the United States 
Biological Survey; Linn Co., Cedar Rapids, A. H. Howell (1929), 1, Field 
Museum of Natural History; Floyd Co., Charles City, A. H. Howell 
(1929), 1, University of Iowa Museum; Henry Co., Hillsboro and Way-
land, A. H. Howell (1929), 2, University of Iowa Museum. 
SOUTHERN RED SQUIRREL 
Sciurus httdsonicus loquax Bangs 
1896. Sciurus hudscmicus loquax Bangs, Proc. Biol. Soc. Washington, vol. 10, p. 161. 
Type Locality: Liberty Hill, New London County, Connecticut. 
1871. Sciurus hudscmius Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p. 188. 
1883. Sciurus hudscmius Goding, Iowa State Agr. Soc. (1882), p. 331. 
1910. Sciurus hudscmictLS loquax Van Hyning and Pellett, Proc. Iowa Acad. Sci., 
vol. 17, p. 214. 
1918. Sciurus hudsonicus loquax Stoner, Iowa Geo. Survey, Bul. No. 5, p. 25. 
The exact range of the Southern Red Squirrel in Iowa is undeter-
mined, but is probably over the southern half of the state. It is locally 
common, especially toward the southeast. 
Cory (1912) refers a specimen taken at Knoxville, Marion County, 
to this subspecies. No doubt this is the Knoxville specimen now reposing 
in the Field Museum of Natural History (Simms, letter, 1936). The rec-
ords of Stoner (1918) and others are questionable since no attempt is 
made to distinguish between loquax and minnesota. 
MINNESOTA RED SQUIRREL 
Sciurus hudsonicus minnesota Allen 
1899. Sciurus hudscmicus minnesota Allen, Amer. Nat., vol. 33, p. 640. 
Type Locality: Fort Snelling, Hennepin County, Minnesota. 
The range of the Minnesota Red Squirrel is undetermined in Iowa, 
but is probably over the northern half of the state. It is of local abun-
dance, increasing in numbers toward the extreme northeast. 
The only authentic record for minnesota in Iowa is based on a speci-
men taken at Charles City, Floyd County (Stoner, 1917). Identification 
of this specimen was made by A. H. Howell of the United States Biologi-
cal Survey. Stephens' (1922) record of loquax for Dickinson County is 
probably a misidentification of minnesota. The records of loquax for 
Dickinson and Cerro Gordo counties by Stoner (1918) are questionable; 
Stoner's loquax for Charles City, Floyd County, was correctly referred to 
minnesota by Howell as has already been mentioned. 
1 
MAMMALS OF IOWA 
NORTHERN GRAY SQUIRREL 
Sciurus carolinensis leucotis (Gapper) 
1830. Sciurus leucotis Gapper, Zool Journ., vol. 5, p. 206. 
Type Locality: Between York and Lake Simcoe, Ontario, Canada. 
1871. Sciurus carolinensis Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p. 188. 
1883. Sciurus carolinensis Goding, Iowa State Agr. Soc. (1882), p. 331. 
1890. Sciurus carolinensis Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 43. 
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1910. Sciurus carolinensis Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 17, 
p. 214. 
1918. Sciurus carolinensis leucotis Stoner, Iowa Geo!. Survey, Bul. No. 5, p. 22. 
The geographic distribution of the Northern Gray Squirrel in Iowa 
is not well known, but is probably confined to the eastern part of the 
state, especially to the north. The occurrence of this squirrel is irregular 
in a given locality due to mass migrations. Many gray squirrels were 
seen about Clinton, Clinton County, in the '60's, but none were present 
by 1915 (Spurrell, 1915). The Northern Gray Squirrel is reported as 
abundant in northeastern Iowa by Stoner (1918), but such large popula-
tions are not present today. Surber (1932, p. 61) writes for Minnesota: 
"This squirrel is common in the oak and hard maple forests along the 
eastern border of the state from the Iowa line north into Pine County " 
WESTERN FOX SQUIRREL 
Sciurus niger rufiventer (Geoffroy) 
1803. Sciurus rufiventer Geoffroy, Cat!. Mamm. Mus. Nat. Hist., Paris, p. 176. 
Type Locality: Mississippi Valley, exact locality unknown. 
1871. Sciums ludovicianus Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p. 188. 
1883. Sciurus vulpinus Goding, Iowa State Agr. Soc. (1882), p. 331. 
1890. Sciurus cinereus var. ludovicianus Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 43. 
1910. Sciurus ludovicianus Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 17, 
p. 214. 
1918. Sciurus niger rufiventer Stoner, Iowa Geo!. Survey, Bul. No. 5, p. 19. 
1921. Sciurus niger rufiventer Gabrielson, Proc. Iowa Acad. Sci., vol. 28, p. 147. 
The Western Fox Squirrel is common throughout the wooded parts 
of the state, even spreading into isolated farm groves on the prairie. 
Cory (1912) refers five specimens from Knoxville, Marion County, to 
this subspecies. The Knoxville specimens examined by Cory are con-
tained in the Field Museum of Natural History (Simms, letter, 1936). 
Mr. George G. Goodwin, Assistant Curator, writes of two specimens from 
Webb, Clay County, referable to rufiventer, in the American Museum of 
Natural History (letter, 1936). A specimen, No. 23a, taken at Pacific 
Junction, Mills County, and another, No. 19a, taken at Duncan, Hancock 
County, have been identified as this subspecies by A. H. Howell. 
Specimens examined: 
Story County, Ames; museum No. 1; Iowa State College Museum. 
Mills County, Pacific Junction; No. 23a; collection of the United 
States Biological Survey. 
Hancock County, Duncan; No. 19a; collection of the United States 
Biological Survey. 
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SMALL EASTERN FL YING SQUIRREL 
Glaucomys volans volans (Linnaeus) 
1758. [Mus] volans Linnaeus, Syst. Nat., ed. 10, vol. 1, p. 63. 
Type Locality: Virginia. 
1871. Pteromys volucerlla Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p. 189. 
1883. Pteromys volucellus (sic) Goding, Iowa State Agr. Soc. (1882), p. 331. 
1890. Sciuropterus volans Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 43. 
1910. Sciuropterus volans Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 17, 
p. 215. 
1918. Gaucomys volans volans Stoner, Iowa Geol. Survey, Bul. No. 5, p. 17. 
1921. Glaucomys volans volans Gabrielson, Proc. Iowa Acad. Sci., vol. 28, p. 147. 
The Small Eastern Flying Squirrel is found locally throughout the 
wooded parts of the state, excepting the northwestern comer, where it \ 
appears to be rare or absent. I 
There is a specimen of this squirrel from Iowa City, Johnson County, 
in the American Museum of Natural History (Goodwin, letter, 1936); 
and another from Knoxville, Marion County, in the Field Museum of 
Natural History (Simms, letter, 1936). 
Published records of museum specimens: Henry Co., Hillsboro, A. H. 
Howell (1918), 2, collection of the United States Biological Survey; 
Johnson County, Iowa City, A. H. Howell (1918), 1, private collection of 
Dayton Stoner; Union Co., Thayer, A. H. Howell (1918), 2, private col-
lection of Dayton Stoner; Marion Co., Knoxville, A. H. Howell (1918), 
3, collection of the Biological Survey. 
Specimens examined: 
Story County, Ames; 1; Iowa State College collection. 
Family GEOMYIDAE 
SHAW POCKET GOPHER 
Geomys bursarius (Shaw) 
1800. Mus bursarius Shaw, Trans. Linn. Soc., vol 5, p . 227. 
Type Locality: Not known, somewhere in the upper Mississippi Valley. 
1871. Geomys bursarius Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p. 190. 
1883. Geomys bursarius Goding, Iowa State Agr. Soc. (1882), p. 331. 
1890. Geomys bursarius Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 43. 
1910. Geomys bursarius Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 17, p. 212. 
1912. Geomys bursarius Ruthven and Wood, Proc. Iowa Acad. Sci., vol. 19, p. 204. 
1918. Geomys bursarius bursarius (sic) Stoner, Iowa Geol. Survey, Bul. No. 5, p. 108. 
1921. Geomys bu?'sarius bursarius (sic) Gabrielson, Proc. Iowa Acad Sci., vol. 28, 
p. 148. 
Numerous "gopher mounds" throughout the grasslands of the state 
indicate the wide distribution of the Shaw Pocket Gopher. This mammal 
was not so numerous at the time of settlement as it is today. Early 
settlers informed Spurrell (1917) that the gopher was not so common 
during the early days in Sac County. Cultivation and general opening 
up of the land has provided for increased numbers by extension of the 
natural range. 
Specimens examined: 
Story County, Ames; museum No. l; Iowa State College Museum. 
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Family lIETEROMYIDEA 
DUSKY POCKET MOUSE 
Perognathus flavescens perniger Osgood 
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1904. Perognathus flavescens perniger Osgood, Proc. Biol. Soc. Washington, vol 17, 
p.127. 
Type Locality: Vermilion, Clay County, South Dakota. 
This represents the first record of the Dusky Pocket Mouse, Perog-
nathus flavescens perniger, for Iowa. Locality records are not sufficient 
to permit determination of the range, but it will probably prove to be over 
the western two-thirds of the state. Two specimens of P. f. perniger are 
in the Iowa State College collection, one from Guthrie Center, Guthrie 
County, and the other from Oakland, Pottawattamie County. These 
specimens were referred to perniger by A. H. Howell. 
Specimens examined: 
Guthrie County, Guthrie Center; 1; Iowa State College collection. 
Pottawattamie County, Oakland; 1; Iowa State College collection. 
Family CASTORIDAE 
MISSOURI RIVER BEA VER 
Castor canadensis missouriensis Bailey 
1919. Castor canadensis missouriensis Bailey, Journ. Mamm., vol. 1, p. 32. 
Type Locality: Apple Creek, 7 miles east of Bismarck, Burleigh County, North 
Dakota. 
The Missouri River Beaver is found irregularly over the Missouri 
River watershed, especially in the northwestern part of the state. Food 
and drainage problems frequently check the permanency of its estab-
lishment in given regions; nevertheless, its numbers are stable to in-
creasing. 
References to canadensis typicus for Iowa cannot be presented as mis-
identification of missouriensis, for it is possible that the beaver inhab-
-iting extreme northeastern Iowa today and formerly over the eastern 
part of the state may be of the type form. 
History indicates that the beaver became scarce or extinct in the 
state during the '90's. Osborn (1890) considered them rare; Van Hyning 
and Pellett (1910, p. 214) believed them to have "-become extinct some 
time in the nineties." There is no doubt but that the heaver has reestab-
lished itself in respect to numbers, but its once complete extinction is 
subject to question. 
Two specimens taken in December, 1936, at Lakeview, Sac County, 
were referred to this subspecies by A. H. Howell. An unidentified speci-
-men of beaver, taken on February 12, 1887, in Cherokee County, is con-
tained in the Milwaukee Public Museum (Gromme, letter, 1936). 
Specimens examined: 
Sac County, Lakeview; Nos. 43a and 25a (skulls); Iowa State Col-
lege collection. 
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Family CRICETIDAE 
SHORT-EARED GRASSHOPPER MOUSE 
Onychomys leucogaster breviauritus Hollister 
1913. Onychomys leucogaster breviauritus Hollister, Proc. Biol. Soc. Washington, 
vol. 26, p. 216. 
Type Locality: Fort Reno, Canadian County, Oklahoma. 
The only record of the Short-eared Grasshopper Mouse for Iowa is 
based on a specimen taken in Dickinson County and contained in the Mu-
seum of Zoology at the University of Michigan (Dice, 1924, p. 66). The 
occurrence of this mouse may prove to be accidental with continued col-
lection. Dice's record is considerably off the known range, since Hollister 
(1914, p. 453) writes: "Eastern Nebraska, eastern and south-central 
Kansas, and middle Oklahoma. From Neligh, Nebraska, and Fort Riley 
and Neosha Falls, Kansas, west and south to Kinsley, Kansas, and to 
Woodward and Fort Reno, Oklahoma. Entirely within the Carolinean 
and Austroriparian faunas of the Austral region." Swenk (1915, p. 852) 
considers it "Uncommon eastwardly" in Nebraska. 
PRAIRIE HARVEST MOUSE 
Reithrodontomys megalotis dychei (Allen) 
1895. Reithrodontomys dychei Allen, Bull. Amer. Mus. Nat. Hist., vol. 7, p. 120. 
Type Locality: Lawrence, Douglas County, Kansas. 
1890. Ochetodon humilis Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 43. 
1912. Reithrodontomys griseus Ruthven and Wood, Proc. Iowa Acad. Sci., vol. 19, 
p. 204 (Not Bailey). 
1918. Reithrodontomys megalotis dychei Stoner, Iowa Geo!. Survey, Bul. No. 5, p. 76. 
1922. Reithrodontomys megalotis dychei Stephens, Okoboji Protective Assoc., Bul. 
No. 18, p. 55. 
The Prairie Harvest Mouse is found throughout the grasslands of 
the state. 
A map by A. H. Howell (1914) presents the known range of this 
mouse in Iowa as everywhere southwest of a line from the northwest 
corner of the state southeast to the vicinity of Waterloo and south to 
Keokuk. However, there is no doubt but that this species is found in 
suitable locations over the remainder of the state. Surber (1932) reports 
two specimens from Homer, Winona County, on the Mississippi River 
in Minnesota. There are also four specimens from further south on the 
Mississippi River at Fairport, Muscatine County, Iowa, in the private 
collection of Thaddeus Surber, Superintendent of Fish Propagation, Min-
nesota Department of Conservation (letter, 1936). Pellett (1912) finds 
this mouse common near Atlantic, Cass County. 
Five specimens referable to dychei from Atlantic, Cass County, are 
contained in the Milwaukee Public Museum (Gromme, letter, 1936). 
Stoner (1918) claims specimens from Iowa City, Wall Lake, Atlantic, 
Ottumwa, Tama, Logan and Jefferson but £ails to give their location. 
Two specimens from Ames, Story County, were referred to dychei by 
A. H. Howell. 
Published records of museum specimens: Cass Co., Atlantic, A. H. 
Howell (1914), 2, collection of the United States Biological Survey; 
, 
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Henry Co., Hillsboro, A. H. Howell (1914), 2, collection of the United 
States Biological Survey; Palo Alto Co., A. H. Howell (1914), 1, Museum 
of Zoology at the University of Michigan. 
Specimens examined: 
Story County, Ames; 2; Iowa State College collection. 
BAIRD WIIlTE-FOOTED MOUSE 
Peromyscus maniculatus bairdi (Hoy and Kennicott) 
1857. Mus bairdii Hoy and Kennicott, in Kennicott, Agricultural Report, United 
States Patent Patent Office, 1856, p. 92. 
Type Locality: Bloomington, McClean County, lliinois. 
1871. Hesperomys michiganensis Allen, Proc. Boston Soc. Nat. Hist., vol 13, p. 193. 
1883. Hesperomys michiganensis Goding, Iowa State Agr. Soc. (1882), p. 330. 
1890. Hesperomys michiganensis Osborn, Proc. Iowa Acad. Sci., vol 1, p. 43. 
1910. Peromyscus maniculatus Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 17, 
p. 213. 
1912. Peromyscus maniculatus bairdii Ruthven and Wood, Proc. Iowa Acad. Sci., 
vol. 19, p. 204. 
1918. Peromyscus maniculatus bairdi Stoner, Iowa Geo!. Survey, Bul. No. 5, p. 73. 
The Baird White-footed Mouse is common throughout the state. 
Stoner (1918) claims specimens from Corning, Jefferson, Thayer, 
Wall Lake, Ottumwa, Melvin, Waukon, Rodman, Ocheyedan, Logan and 
Homestead, but fails to give their location. 
Four specimens from Fairport, Muscatine County, are contained in 
the private collection of Thaddeus Surber, Superintendent of Fish Propa-
gation, Minnesota Department of Conservation (letter, 1936). George 
G. Goodwin, Assistant Curator, writes of 20 specimens from Iowa City, 
Johnson County, in the American Museum of Natural History (letter, 
1936). There is a single specimen from Knoxville, Marion County, in the 
Field Museum of Natural History (Simms, letter, 1936). 
Published records of museum specimens: Clay Co., Osgood (1909) , 
5, Museum of Zoology at the University of Michigan; Palo Alto Co., Os-
good (1909) , 4, Museum of Zoology at the University of Michigan; 
Marion Co., Knoxville, Osgood (1909), 14, collection of the United States 
Biological Survey. 
Specimens examined: 
Boone County, Jordan; No. 33a; Iowa State College collection. 
Decatur County, High Point; 2; Iowa State College collection. 
Lee County, Fort Madison; No. 20a; Iowa State College collection. 
Muscatine County, Fairport; l ; Museum of Natural History, Uni-
versity of Minnesota. 
(All specimens of bairdi in the Iowa State College collection were 
identified by A. H. Howell of the United States Biological Survey.) 
NORTHERN WHITE-FOOTED MOUSE 
Peromyscus leucopus noveboracensis (Fischer) 
1829. Mus [sylvaticus] a noveboracensis Fischer, Synopsis Mamalium, p. 318. 
Type Locality: New York. 
1871. Hesperomys leucopus Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p. 192. 
1883. Hesperomys leucopSUS' (sic) Goding, Iowa State Agr. Soc. (1882), p. 330. 
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1890. Hesperomys leucapus Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 43. 
1910. Peromyscus leucopus noveboracensis Van Hyning and Pellett, Proc. Iowa Acad. 
Sci., vol. 17, p. 213. 
1918. Peromyscus leucapus noveboracensis Stoner, Iowa Geol. Survey, Bul. No. 5, p. 69. 
1921. Peromyscus leucopus noveboracensis Gabrielson, Proc. Iowa Acad. Sci., vol. 28, 
p.148. 
The Northern White-footed Mouse is common throughout all Iowa. 
Stoner (1918) claims specimens from Wayland, Hayfield, Burling-
ton, Fairport, Thayer, Wall Lake, Iowa City, Charles City, Homestead 
and Newton, but fails to give their location. 
There are seven specimens of noveboracensis from Fairport, Musca-
tine County, in the private collection of Thaddeus Surber, Superintendent 
of Fish Propagation, Minnesota Department of Conservation (letter, 
1936). The-Field Museum of Natural History contains one specimen from 
Knoxville, Marion County, and three from Iowa City, Johnson County 
(Simms, letter, 1936). 
Published records of museum specimens: Des Moines Co., Burling-
ton, Osgood (1909), 57, collection of the United States Biological Survey; 
Pottawattamie Co., Council Bluffs, Osgood (1909), 5, collection of the 
United States Biological Survey; Marion Co., Knoxville, Osgood (1909), 
10, collection of the United States Biological Survey; Dallas Co., Osgood 
(1909), 1, collection of the United States Biological Survey. 
Specimens examined: 
Decatur County, High Point; 3; Woodland 3; Iowa State College 
collection. 
Hamilton County, Jewell; Nos. 16a, 15a, 8a, 4a, 5a, and la; Iowa 
State College collection. 
Story County, Ames; No. 35a, No. 32a, plus 4; Iowa State College 
collection. 
(All specimens of noveboracensis in the Iowa State College collec-
tion were identified by A.H. Howell.) 
GOSS LEMMING MOUSE; 
Synaptomys cooperi gossii (Coues) 
1877. Arvicola (Synaptomys) gossii Coues, Monogr. N. Amer. Rodentia, p. 235 (pub-
lished as a synonym of Synaptomys cooperi, but name stated to apply to Kansas 
specimens, description p. 236). 
Type Locality: Neosho Falls, Woodson County, Kansas. 
1890. Synaptomys cooperi Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 43. 
1918. Synaptomys cooperi gossii Stoner, Iowa Geol. Survey, Bul. No. 5, p. 106. 
The range of the Goss Lemming Mouse in Iowa has not been com-
pletely determined, but it appears to be confined to the wet meadows and 
marsh edges of the southern half of the state. In respect to the scarcity of 
material, A. B. Howell (1927, p. 3) writes: "Until more specimens are 
obtained, further progress in the proper understanding of the relationship 
of several races can hardly be expected." · 
Specimens are recorded from Logan, Harrison County, and from 
Fairport, Muscatine County, by Stoner (1918). The specimen from 
Fairport is in the private collection of Thaddeus Surber, Superintendent 
of Fish Propagation, Minnesota Department of Conservation (letter, 
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1936). There is a record of this mouse for Dickinson County by Stephens 
(1922, p. 56). 
Published records of museum specimens: Henry Co., Hillsboro, A. B. 
Howell (1927), 1, collection of the United States Biological Survey; Linn 
Co., Marion, A. B. Howell (1927), 1, Museum of Comparative Zoology; 
Marion Co., Knoxville, A. B. Howell, 1, collection of the Biological Survey. 
PENNSYLVANIA MEADOW MOUSE 
Microtus pennsylvanicus pennsylvanicus (Ord) 
1815. Mus pennsylvanica Ord, Guthrie's Geography, 2d Amer. ed., vol. 2, p. 292. 
Type Locality: Meadows below Philadelphia, Pennsylvania. 
1871. Arvicola riparius Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p. 193. 
1883. Arvicola riparia (sic) Goding, Iowa State Agr. Soc. (1882), p. 330. 
1890. Arvicola ripariu.s Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 43. 
1910. Microtus pennsylvanicus Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 17, 
p. 213. 
1918. Microtu.s pennsylvanicu.s pennsylvanicu.s Stoner, Iowa Geol. Survey, Bul. No. S, 
p. 78. 
1921. Microtus pennsylvanicus pennsylvanicu.s Gabrielson, Proc. Iowa Acad. Sci., 
vol. 28, p. 148. 
The Pennsylvania Meadow Mouse is found in all parts of Iowa, espe-
cially in wet meadows and marsh borders. 
Stoner (1918) claims specimens from Melvin, Thayer, Atlantic, Jef-
ferson, Waukon, Charles City and Iowa City, but fails to give their loca-
tion. Authentic records are given for Marshall County by Gabrielson 
(1921) and for Sac County by Spurrell (1917) . 
A single specimen from Fairport, Muscatine County, is contained in 
the private collection of Thaddeus Surber, Superintendent of Fish Propa-
gation, Minnesota Department of Conservation (letter, 1936). George G. 
Goodwin, Assistant Curator, writes of three specimens from Webb, Clay 
County, in the American Museum of Natural History (letter, 1936). 
There are three specimens from Luxemburg, Dubuque County, and two 
from Knoxville, Marion County, in the Feild Museum of Natural History 
(Simms, letter, 1936). Specimens from Clay County are contained in the 
Museum of Zoology, University of Michigan (Burt, letter, 1937). 
Published records of museum specimens: Marion Co., Knoxville, 
Bailey (1900), 2, Field Museum of Natural History. 
Specimens examined: 
Dickinson County, Arnold's Park; No. lla; Okoboji; No. lOa; Iowa 
State College collection. 
Palo Alto County, Ruthven; No. 9a; Iowa State College collection. 
Story County, Ames; No. 6a, plus 1; Iowa State College collection. 
Muscatine County, Fairport; 7; Museum of Natural History, Uni-
versity of Minnesota. 
(All specimens in the Iowa State College collection were referred to 
M. p. pennsylvanicus by A.H. Howell.) 
PRAIRIE MEADOW MOUSE 
Microtus ochrogaster (Wagner) 
1842. Hypu.daeu.s ochrogMter Wagner, Schreber's Saughthiere, Suppl., vol. 3, p. 592. 
Type locality: America. 
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1871. Arvicola austera Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p. 194. 
1883. Arvicola austera Goding, Iowa State Agr. Soc. (1882), p. 330. 
1890. Arvicola austerus (sic) Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 43. 
1910. Microtus austerus Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 17, p. 213. 
1918. Microtus ochrogaster ochrogaster (sic) Stoner, Iowa Geol. Survey, Bul. No. 5, 
p. 87. 
1921. Microt'UB ochrogaster ochrogaster (sic) Gabrielson, Proc. Iowa Acad. Sci., vol. 
28, p. 148. 
The Prairie Meadow Mouse is found throughout the state, exhibiting 
a preference for a drier habitat than that chosen by pennsylvanicus. 
Stoner (1918) claims specimens from Newton, Ottumwa, Monticello, 
Wall Lake, Waukon, Logan, Corning, Melvin, Atlantic and Homestead, 
but fails to give their location. There are 20 specimens from Iowa City, 
Johnson County, in the American Museum of Natural History (Good- \ 
win, letter, 1936). The Field Museum of Natural History contains three 
specimens from Knoxville, Marion County (Simms, letter, 1936). Gabriel-
son (1921) gives an authentic record for Marshall County. 
Published records of museum specimens: Jefferson Co., Fairfield, 
Bailey (1900), 1, collection of the United States Biological Survey; 
Marion Co., Knoxville, 93, collection of the United States Biological Sur-
vey. 
Specimens examined: 
Story County, Ames; Nos. 26a, 27a, 28a, 30a, 3la, plus 5; Iowa State 
College collection. 
Decatur County, Woodland; 3; Iowa State College collection. 
(All specimens in the Iowa State College collection were identified 
by A. H. Howell.) 
WOODLAND PINE MOUSE 
Pitymys nemoralis (Bailey) 
1898. Microtus pinetorum nemoralis Bailey, Proc. Biol. Soc. Washington, vol. 12, p. 89. 
Type Locality: Stilwell, Adair County, Oklahoma. 
1871. Arvicola pinetorum Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p. 194. 
1910. Microtus nemoralis Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 17, p. 213. 
1918. Microtus pinetorum nemoralis Stoner, Iowa Geol. Survey, Bui. No. 5, p. 91. 
The Woodland Pine Mouse is found in the southern one-half of Iowa, 
exhibiting a preference for brushy fence rows and woodland borders. 
Stoner (1918) claims specimens from Thayer, Ottumwa and Iowa 
City, but fails to give their location. A single specimen of nemoralis is con-
tained in the private collection of Thaddeus Surber, Superintendent of 
Fish Propagation, Minnesota Department of Conservation (letter, 1936). 
Published records of museum specimens: Pottawattamie Co., Council 
Bluffs, Bailey (1900), 1, collection of the United States Biological Survey. 
COMMON MUSKRAT 
Ondatra zibethica zibethica (Linnaeus) 
1766. [Castor] zibethicus Linnaeus, Syst. Nat., ed. 12, vol. 1, p. 79. 
Type Locality: Eastern Canada. 
1871. Fiber zibethicus Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p. 194. 
1883. Fiber zibethicus Goding, Iowa State Agr. Soc. (1882), p. 331. 
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1890. Fiber zibethicus Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 43. 
1910. Fiber zibethicus Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 17, p. 213. 
1912. Fiber zibethicus Ruthven and Wood, Proc. Iowa Acad. Sci., vol. 19. p. 204. 
1918. Fiber zibethicus zibethicus Stoner, Iowa Geol. Survey, Bul. 5, p. 96. 
1921. Fiber zibethicus zibethicus Gabrielson, Proc. Iowa Acad. Sci., vol. 28, p. 148. 
The determined range of the Common Muskrat for Iowa is every-
where east of a line from Minnesota south through Hayfield, Hancock 
County, and continuing south through Ames, Story County, southeast 
through Ottumwa, Wapello County, to Missouri. Undoubtedly this west-
ern limit of distribution will be extended with continued collection, but 
the available material does not warrant such alteration at present. 
The record given by Cory (1912) for Mayfield is a misspelling of 
Hayfield, Hancock County. These six specimens are in the Field Museum 
of Natural History (Simms, letter, 1936). Gabrielson (1921) offers an 
authentic record for Marshall County. The Fiber zibethicus = Ondatra 
z. zibethica of Ruthven and Wood (1912) for Clay and Palo Alto counties 
is doubtful, and the records of Spurrell (1917) for Sac County and of 
Stephens (1922) for Dickinson County are also subject to question for all 
of these records fall within what appears to be cinnamomina range (Hol-
lister, 1911). Stoner (1918) offers no definite records. 
Published records of museum specimens: Des Moines Co., Burling-
ton, Hollister (1911), 1, collection of the United States Biological Survey. 
Specimens examined: 
Story County, Ames; No. 37a; collection of the United States Bio-
logical Survey. 
Hamilton County, Jewell; 6; collection of the United States Bio-
logical Survey. 
(All of the above specimens were referred to 0. z. zibethica by A.H. 
Howell.) 
1910. 
1918 . 
.., 
GREAT PLAINS MUSKRAT 
Ond.atra zibethica cinnamomina (Hollister) 
Fiber zibethicus cinnamominus Hollister, Proc. Biol. Soc. Washington, vol. 23, 
p . 125. 
Type Locality: Wakeeney, Tergo County, Kansas. 
Fiber zibethicus cinnamominus Stoner, Iowa Geol. Survey, Bul. 5, p. 105. 
The Great Plains Muskrat is found in western Iowa, but the exact 
limits of distribution have not been determined. Stoner (1918) includes 
cinnamomina on the basis of Hollister's (1911) record for Knoxville, 
Marion County. Stoner (1918, p. 106) writes: "The writer has not ob-
tained specimens of this muskrat, but collectors and trappers should be 
on the lookout for it in western Iowa, where the area of intergradation 
occurs." 
Published records of museum specimens: Marion Co., Knoxville, 
Hollister (1911), 1, collection of the United States Biological Survey. 
HOUSE MOUSE 
Mus musculus musculus Linnaeus 
1758. [Mus] musculus Linnaeus, Syst. Nat., ed. 10, vol. 1, p. 62. 
Type Locality: Upsala, Sweden. 
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1883. Mus muscultt;S Goding, Iowa State Agr. Soc. (1882), p. 330. 
1890. Mus musculus Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 43. 
1910. Mus musculus Van Hyning and Pellett, Proc. Icwa Acad. Sci., vol 17, p. 214. 
1912. Mus musculus Ruthven and Wood, Proc. Iowa Acad. Sci., vol. 19, p. 204. 
1918. Mus musculus Stoner, Iowa Geo!. Survey, Bul. No. 5, p. 52. 
1921. Mus musculus Gabrielson, Proc. Iowa Acad. Sci., vol. 28, p. 148. 
The House Mouse is common about buildings, showing a tendency to 
spread to the fields over the state. 
NORWAY RAT 
Rattus norvegicus (Erxleben) 
1777. [Mus] norvegicus Erxleben, Syst. Regni. Anim., vol. 1, p. 381. 
Type Locality: Norway. 
1883. Mus decumanus Goding, Iowa State Agr. Soc. (1882), p. 331. 
1890. Mus decumanus Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 43. 
1910. Mus decumanus Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 17, p. 214. 
1918. Rattus norvegicus Stoner, Iowa Geo!. Survey, Bul. No. 5, p. 54. 
1921. Rattus norvegicus Gabrielson, Proc. Iowa Acad. Sci., vol. 28, p. 148. 
The Norway Rat is common about buildings in all parts of the state. 
This rat was introduced to eastern United States in 1775, and upon 
establishment spread to all parts of the country in shipments. Early set-
tlers informed Spurrell (1917) that the first barn rat same to Sac County 
in a box of goods from New York in 1858. This rat was killed, and the 
species did not appear again until about 1868. 
F amily ZAPODIDAE 
PRAIRIE JUMPING MOUSE 
Zapus hudsonius campestris Preble 
1899. Zapus hudsonius campestris Preble, North Amer. Fauna, No. 15, p. 20. 
Type Locality: Bear Lodge Mountains, Crook County, Wyoming. 
1871. Jaculus hudsonius Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p. 192. 
1883. Jaculus hudsonius Goding, Iowa State Agr. Soc. (1882), p. 330. 
1890. Zapus hudsonius Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 43. 
1910. Zapus hudsonius campestris Van Hyning and Pellett, Proc. Iowa Acad. Sci., 
vol. 17, p. 212. 
1918. Zapus hudsonius campestris Stoner, Iowa Geol. Survey, Bul. No. 5, p. 124. 
The Prairie Jumping Mouse is irregularly distributed throughout the 
state, showing a tendency towards local abundance. 
The specimens contained in the Iowa State College collection repre-
sent the first authentic records of campestris for the state. They were re-
ferred to this subspecies by A.H. Howell. 
Specimens examined: 
Palo Alto County, Ruthven; l; Iowa State College collection. 
Story County, Ames; l; Iowa State College collection. 
Ida County, Arthur; 1; Iowa State College collection. 
I 
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Order 6. LAGOMORPHA 
Family LEPORIDAE 
WHITE-TAILED JACK RABBIT 
Lepus townsendii campanius Hollister 
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1837. Lepus campestris Bachman, Journ. Acad. Nat. Sci., Philadelphia, vol. 7, p. 349. 
Type Locality: Plains of the Saskatchewan, Canada. 
1890. Lepus campestris Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 43. 
1910. Lepus campestris Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 17, p. 212. 
1912. Lepus campestris Ruthven and Wood, Proc. Iowa Acad. Sci., vol 19, p. 204. 
1918. Lepus townsendii campanius Stoner, Iowa Geol Survey, Bul. No. 5, p. 131. 
1921. Lept1;5 townsendi (sic) campanius Gabrielson, Proc. Iowa Acad. Sci., vol. 28, 
p. 148. 
The White-tailed Jack Rabbit is found throughout the state, being 
most numerous in the northern counties. 
This species has extended its range over Iowa from the northwest. 
Early settlers in Sac County informed Spurrell (1917) that the jack rab-
bit was not present upon their arrival in 1854 and did not appear 
until 1868. It was considered occasional in Dickinson County by Mosher 
(1882). Evidently it had not been observed very frequently by the sum-
mer of 1867 since it does not appear in Allen's (1871) list. The species 
increased noticeably in the northern counties during the '90's (Osborn, 
1892, and Nutting, 1895) . Its appearance in Clinton County is noted for 
1905 (Spurrell, 1917) . The extension to the northeastern part of the state 
was a little slower since it did not appear there until about 1911 (Stoner, 
1917). 
Specimens examined: 
Story County, Ames; Museum No. 9 and No. 49; Iowa State College 
Museum. 
MEARNS CO'ITONTAIL 
Sylvilagus floridanus mearnsi (Allen) 
1894. Lepus sylvaticus mearnsii Allen, Bull. Amer. Mus. Nat. Hist., vol 6, p. 171. 
Type Locality: Fort Snelling, Hennepin County, Minnesota. 
1871. Lepus sylvaticus Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p. 194. 
1883. Lepus sylvaticus Goding, Iowa State Agr. Soc. (1882), p. 331. 
1890. Lepus sylvaticus Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 43. 
1910. Lepus floridanus mearnsi Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 
17, p. 212. 
1912. Sylvilagus floridanus mearnsi Ruthven and Wood, Proc. Iowa Acad. Sci., vol. 
19, p. 204. 
1918. Sylvilagus floridanus mearnsi Stoner, Iowa Geol. Survey, Bul. No. 5, p. 134. 
1921. Sy_lvilagus floridanus mearnsi Gabrielson, Proc. Iowa Acad. Sci., vol 28, p. 148. 
The Mearns Cottontail is found throughout Iowa. It is believed that 
the cottontail was not very numerous before the land had been opened 
up by settlement. Land use, as effected by the early settlers, provided a 
balance of food and cover more suitable to cottontails, and they became 
more numerous in the vicinity of civilization. Galland (1840, p. 500) 
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writes: ". found in the settled parts of the country," and Allen (1871, l' 
p. 194) considers them "Common about the groves and thickets." 
The Field Museum of Natural History contains 5 specimens of mearnsi 
from Knoxville, Marion County (Simms, letter, 1936). George G. Good-
win, Assistant Curator, writes of 34 specimens from Iowa City, Johnson 
County, in the American Museum (letter, 1936). 
Published records of museum specimens: Palo Alto Co., Nelson 
(1909), 8, Museum of Zoology, University of Michigan; Woodbury Co., 
Sioux City, Nelson (1909), 1, collection of the United States Biological 
Survey; Van Buren Co., Nelson (1909), 1, collection of the United States 
Biological Survey; Des Moines Co., Burlington, Nelson (1909), 2, collec-
tion of the United States Biological Survey; Polk Co., Fort Des Moines, 
Nelson (1909), 1, collection of the United States Biological Survey; John-
son Co., Iowa City, Nelson (1909), 3, collection of the United States 
Biological Survey. 
Specimens examined: 
Story County, Ames; 1; Iowa State College collection. 
Decatur County, Leon; 1; Iowa State College collection. 
Appanoose County; 1; Iowa State College collection. 
Pottawattamie County; 1; Iowa State College collection. 
Fremont County, Sidney; 23a; Iowa State College collection. 
(All of the above specimens were referred to mearnsi by A. H. 
Howell.) 
Order 7. ARTIODACTYLA 
Family CERVIDAE 
AMERICAN ELK 
Cervus canadensis canadensis (Erxleben) 
1777. [Cervus elaphus] canadensis Erxleben, Syst. Regni. Anim., vol 1, p. 305. 
Type Locality: Eastern Canada. 
1871. Cerv'UlS canadensis Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p . 184. 
1883. Cervus Canadensis (sic) Goding, Iowa State Agr. Soc. (1882), p. 330. 
1890. Cervus canadensis Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 42. 
1910. Cervus canadensis Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 17, p. 216. 
The American Elk was formerly found throughout Iowa, especially 
common in the northwestern part of the state. 
Land use made the extermination of this mammal inevitable, but the 
blizzard of 1856 did much to hasten the day when elk could no longer be 
found in the state. Thousands of these mammals were slaughtered while 
trapped in the deep snow left by the blizzard. 
Spurrell (1917) was informed by a hunter that no elk had been seen 
· in Sac County since a herd of 40 passed near Wall Lake in October, 1869. 
This record for Sac County appears to be the published record for the 
most recent occurrence of elk in the state. No doubt a few stragglers re-
mained, for the 14th General Assembly extended the closed season in 
1872, and in 1898 they were given complete protection by the 27th General 
Assembly (Bennett, 1926) . 
r 
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PLAINS WHITE-TAILED DEER 
Odocoileus virginianus macrourus (Rafinesque) 
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1817. Cervus (misspelled Corvus) macrourus Rafinesque, American Monthly Maga-
zine, vol. 1, p. 436. 
Type Locality: Plains of Kansas River, Upper Mississippi. 
1871. Cervus virginianus Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p. 186. 
1883. Cervus virginianus Godmg, Iowa State Agr. Soc. (1882), p. 330. 
1890. Cervus virginianus Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 42. 
1910. Odocoileus americanus macrouris (sic) Van Hyning and Pellett, P roc. Iowa 
Acad. Sci., vol. 17, p. 216. 
The Plains White-Tailed Deer was formerly found throughout the 
wooded parts of the state. Great numbers of them were utilized by the 
early settlers for food and clothing. Galland (1921) writes that hundreds 
were killed annually. Opening up of the forest provided additional food; 
hence, the deer populations were temporarily increased or stabilized, but 
with more intensive land use they were greatly reduced in numbers. 
The effect of civilization on the deer population was seen earliest in 
the eastern part of the state. Fultz (1899) reported them last seen in Mus-
catine County about 1851. The greatest deer slaughter occurred shortly 
after the blizzard of 1856. A descriptive picture of the occasion is given 
by Brainard (1894, p. 393), who writes: "Another lamentable effect of 
the ice-cap of that winter was the cruel and wanton destruction of wild 
game. Prior to that season the groves bordering the streams in northern 
Iowa were well stocked with deer, elk, hare, foxes, wolves, etc. The ice 
drove these out from sheltering timber to seek food about the farmer's 
stacks. Men and boys with dogs and guns made savage onslaught upon 
these. The sharp feet of the larger game cut through the ice and rendered 
their escape impossible. In some instances they were run down by men 
on foot, with no other weapon than the family butcher knife, which was 
all too effective." 
In 1856, the 6th General Assembly passed the first law for the pro-
tection of deer; the law consisted of a closed season from February 1 to 
July 15. The numbers of deer may have increased under protection for 
in 1868 the 12th General Assembly extended the open season by one 
month Bennett (1926). Allen (1871) considered them more or less com-
mon in southwest Iowa during the summer of 1867. The closed season on 
deer was again lengthened by the 14th General Assembly in 1872 (Ben-
nett, 1926). Mr. V. E. Harris of Oakland informed the writer that his 
uncle, C. G. Johnson, killed a deer 4 miles southeast of McPaul, Fremont 
County, in September, 1881, and that the event was considered unusual 
because deer were thought to have been exterminated in the county. 
Mosher (1882) reports few remaining in Dickinson County in 1882. Spur-
rell (1917) writes of one killed in Sac County in 1890. Complete protec-
tion was given deer · by action of the 27th General Assembly in 1898 
(Bennett:, 1926). 
The race of white-tailed deer living in Iowa today has not been deter-
mined. Perhaps they may be partially identified by investigation of the 
location from which the seed stock was secured. Three distinct herds of 
captive deer are responsible for the reestablishment of this mammal in 
Iowa. Mr. William B. Cuppy, of Avoca, Pottawattamie County, possessed 
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one of these herds. Hon. Frank Beymer, editor of the Avoca Journal-
Herald, informed the writer that Cuppy purchased his deer somewhere 
in Nebraska. Geographic identification would refer Cuppy's deer, sup-
posedly taken in Nebraska, to Odocoileus v. macrourus. One night in 
1894 the gate to the deer park was opened and all of the deer escaped to 
the timber on Cuppy's farm. At that time there were 35 in the herd. 
Twelve years later, during a drive, Beymer estimated their number at 
200. Today, withstanding heavy poaching, they are probably no more 
numerous, but have separated into several herds. On April 15, 1937, Taylor 
Huston, Iowa Conservation Commission, informed the writer that about 
17 deer were to be found north of Hancock, Pottwattamie County, and 
about 75 northeast of Avoca, and about 46 in the vicinity of Irwin, Shelby 
County. 
A second herd at the Ledges State Park descends from deer formerly 
kept at the game farm of the old Fish and Game Commission. Mr. Taylor 
Huston, of the Iowa State Conservation Commission, informed the writer 
that two of these deer were purchased in Minnesota and that the others 
were probably taken from those running wild near Avoca. The deer from 
Minnesota are, by geographic identification, Odocoileus v. borealis. A 
number of deer from the Ledges herd have escaped and are living in the 
timber along the Des Moines River. 
A third herd is located near Keota, Washington County. These deer 
are known as the Singmaster herd and represent escaped animals which 
were probably purchased in Nebraska. On April 15, 1937, Taylor Huston, 
Iowa Conservation Commission, informed the writer that there were 
about 60 individuals known to be living in that vicinity. 
Deer from the three herds discussed have been planted in various 
parts of the state, and this accounts for those appearing in unusual places. 
None of the deer in Iowa have been collected for accurate identifica-
tion of the subspecies, but it appears that the predominate race is 
Odocoileus v. macrourus, which is the race formerly found over the state. 
Family BovIDAE 
PLAINS BISON 
Bison bison bison (Linnaeus) 
l'i58. [Bos] bison Linnaeus, Syst. Nat. ed. 10, vol. 1, p. 72. 
Type Locality: Mexico. 
1871. Bos americanus Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p. 186. 
1883. Bos Americanus (sic) Goding, Iowa State Agr. Soc. (1882), p. 330. 
1890. Bos americanus Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 42. 
1910. Bison bison Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 17, p. 216. 
The Plains Bison was formerly common over northwest Iowa, strag-
gling into other parts of the state. The location of bison remains by county 
shows the former range of this mammal very nicely (fig. 1). The work 
of Pammel (1930) dismisses all doubt as to the former occurrence of this 
mammal in Iowa. 
All of the early reports contain accounts of the bison. Kearny ob-
served 5,000 at Elk Lake in Clay County on July 11, 1820 (Peterson, 1931, 
p. 302) . By 1840 they were occasional on the headwaters of the Des 
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Moines and Iowa Rivers (Galland, 1921). Early settlers in Sac County 
considered bison as stragglers after their arrival in 1854 (Spurrell, 1917). 
Allen (1871) believed it to have been nearly exterminated by the sum-
mer of 1867. 
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Fig. 1. Counties in which buffalo remains have been found. These records are given 
on authority of Pammel (1930). 
Pammel (1930) writes of a bison killed near Lost Island Lake, Palo 
Alto County, 1858. One was killed in Boyer Township, Harrison County, 
in 1864 (Pugsley, 1911). "The Biographical and Historical Record of 
Greene and Carroll Counties of Iowa" contains a record of a bison shot 
on June 7, 1864, in Carroll County according to Spurrell (1917) . 
MAMMALS OF HYPOTHETICAL OCCURRENCE 
Order 3. CHIROPTERA 
Family VESPERTILIONIDAE 
LITTLE GRAY BAT 
Myotis grisescens Howell 
1909. Myotis grisescens Howell, Proc. Biol. Soc. Washington, vol. 22, p. 46. 
Type Locality: Nickajack Cave, near Shellmound, Marion County, Tennessee. 
With increased investigation this bat may be taken in southern Iowa. 
Anthony (1928, p. 54) writes that this species is "Found in Tennessee, 
Missouri and Indiana." 
GEORGIAN BAT 
Pipestrellus subflavus subflavus (F. Cuvier) 
1832. V. [espertilio] subflavus Cuvier, Nouv. Ann. Mus. Nat. Paris, vol. 1, p. 17. 
Type Locality: Eastern United States. 
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1871. Scotophilus georgianus Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p . 187. 
1910. Pipestrellus subflavus Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 17, 
p. 215. 
There is small doubt but that the Georgian Bat occurs in eastern Iowa, 
but existing evidence for including this species is not satisfactory. 
Allen (1871) includes this bat on known distribution; Van Hyning 
and Pellett (1910) fail to offer comment. Miller (1897, p. 91) writes that 
this subspecies is found in the "Austral zones and casually parts of Transi-
tion zone in Eastern United States, from the Atlantic Coast west to Iowa 
and eastern and southern Texas." 
RAFINESQUE BAT 
Nycticeius humeralis (Rafinesque) 
1818. Vespertilio humeralis Rafinesque, Amer. Monthly Mag., vol. 3, p . 445. 
Type Locality: Kentucky. 
1871. Nycticejus crepuscularis Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p. 187. 
1890. Ata.lapha (sic) crepuscularis Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 42. 
Satisfactory evidence for including the Rafinesque Bat is lacking. It 
is listed on known distribution by Allen (1871), and Osborn (1890 and 
1892) does not offer suitable support for his records. 
Order 4. CARNIVORA 
Family MusTELIDAE 
AMERICAN MARTEN 
Martes americana americana Turton 
1806. [Mustela] americanus Turton, Linnaeus, System of Nature, vol. 1, p . 60. 
Type Locality: Eastern North America. 
1883. Mustela Americana (sic) Goding, Iowa State Agr. Soc. (1882), p. 330. 
1890. Mustela martes Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 42. 
The American Marten may have entered northeastern Iowa as a 
straggler many years ago. This mammal, among the first to retreat before 
civilization, probably sought its preferred home in the heavy pine and 
spruce forests at an early date. 
The former range, as presented by Seton (1929, vol. 2), passes very 
near the northeast corner of Iowa. A marten skeleton in the Chicago 
Academy of Sciences, which is said to have been taken in northern Illinois, 
is recorded by Cory (1912). This mammal is recorded by Kennicott 
(1855) for Cook County, Illinois, without comment. 
The records for the marten in Iowa by Goding (1883) and Osborn 
(1890 and 1892) are considered doubtful. 
FISHER 
Martes pennanti pennanti (Erxleben) 
1777. [Mustela] pennanti Erxleben, Syst. Regni, Anim., vol. 1, p. 470. 
Type Locality: Eastern Canada. 
1883. Mustela pennanti Goding, Iowa State Agr. Soc. (1882), p. 330. 
1890. Mustela pennantii (sic) Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 42. 
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The Fisher, like the American Marten, may have entered northeast-
ern Iowa as a straggler before and during the days of early settlement. 
Van Hyning (1913, p. 311) quotes John G. Smith from the Register 
and Farmer, Algona: "Plenty of coons and some fishers ran wild in the 
timber." The species is believed "rare" by Goding (1883). Spurrell 
(1917) writes of a hunter who supposedly followed fisher tracks in Cal-
houn County during the late '50's, and of a fur buyer who traded for two 
fisher skins somewhere north of Sac County. All of these records are 
subject to question, principally because a description of the animal is not 
given. 
It is of significance that such writers as J. A. Allen (1871), Osborn 
(1890), Galland (1921) and Mosher (1882) fail to mention this mammal. 
NEW YORK WEASEL 
Mustela noveboracensis noveboracensis (Emmons) 
1840. Putorius noveboracensis Emmons, Report Quad. Massachusetts, p. 45. 
Type Locality: Southern New York. 
This weasel probably enters eastern Iowa and needs only to be col-
lected. Cory (1912, p. 367) issues the following statement in discussing 
the range of this subspecies: "In the West its range extends at least to 
the Mississippi River in western Illinois." 
COMMON WOLVERINE 
Gulo luscus (Linnaeus) 
1766. [Ursus] luscus Linnaeus, Syst. Nat., ed. 12, vol. 1, p. 71. 
Type Locality: Hudson Bay. 
1883. Gulo lu.scus Goding, Iowa State Agr. Soc. (1882), p. 330. 
1890. Gulo luscus Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 42. 
The Common Wolverine probably entered northeastern Iowa as a 
straggler until the middle of the last century. 
This species is given a hypothetical rating by Osborn (1890), but in 
a later publication (1892, p. 5) considers it "Rare or extinct." The wolver-
ine is listed without comment by Goding (1883). It is of significance that 
Galland (1840) fails to mention this mammal. 
A suitable record for the wolverine in 1882 as far south as Knox 
County, in Indiana, has been reported by Lyon (1936). 
LONG-TAILED TEXAS SKUNK 
Mephitis mesomelas varians (Gray) 
1837. Mephitis varians Gray, Charlesworth's Mag. Nat. Hist., vol. 14, p. 581. 
Type Locality: Texas. 
Mephitis mesomelas varians may be recorded for western and south-
western Iowa. It ranges throughout "Southern and western Texas, east-
ern New Mexico, and adjacent parts of Mexico; north into Oklahoma, 
Colorado, Kansas and Nebraska" (Howell, 1901, p. 31). In Nebraska, 
Swenk (1915, p. 854) considers it "Common over the state." 
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Family CANIDAE 
SWIFT FOX 
Vulpes velox velox (Say) 
1823. [Canis] velox Say, Long's Exped. Rocky Mts., vol. 1, p. 487. 
Type Locality: South Platte River, Colorado. 
1871. Vulpes velox Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p. 182. 
Vulpes v. velox, a plains species, may have been found in northwest-
ern Iowa before and during the time of settlement. The species is included 
by Allen (1871) on description. The early settlers in Sac County describe 
a fox which appears referable to velox (Spurrell, 1917). It is given a 
hypothetical rating by Osborn (1892). The specimen referred to Vulpes ~ 
velox by Nutting (1895) is a misidentification of regalis. 
Order 5. RoDENTIA 
Family SCIURIDAE 
RUFESCENT WOODCHUCK 
Marmota monax rufescens Howell 
1914. Marmota monax rufescens Howell, Proc. Biol. Soc. Washington, vol. 27, p. 13. 
Type Locality: Elk River, Sherburne County, Minnesota. 
The Rufescent Woodchuck may straggle into the northern tier of 
counties in Iowa. The known range includes: "Eastern North Dakota, 
central and southern Minnesota, Wisconsin, and Michigan, southern On-
tario, greater part of New York (including Long Island), and higher parts 
of western Massachusetts" (A. H. Howell, 1915, p. 25) . Surber (1932) is 
of the opinion that ruf escens intergrades with monax near the Iowa-
Minnesota state line. 
SOUTHERN GRAY SQUIRREL 
Sciurus carolinensis carolinensis Gmelin 
1788. Sciurus carolinensis Gmelin, Syst. Nat., vol. 1, p. 148. 
Type Locality: Carolina. 
The Southern Gray Squirrel may straggle into southeastern Iowa. 
Bennitt and Nagel (1937, p. 24) list this squirrel as "Common to rare 
throughout Missouri but most numerous in the southeastern third of the 
state." 
Family CAsTORIDAE 
CANADIAN BEA VER 
Castor canadensis canadensis Kuhl 
1820. Castor canadensis Kuhl. Beitrage z. Zoologie, p. 64. 
Type Locality: Hudson Bay. 
1871. CastOT fiber Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p. 190. 
1883. Ca:.stor Canadensis (sic) Goding, Iowa State Agr. Soc. (1882), p. 331. 
1890. Castor fiber Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 43. 
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1910. Castor canadensis Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 17, p. 214. 
1918. Castor canadensis canadensis Stoner, Iowa Geo!. Survey, Bul. 5, p. 50. 
Beavers existing in northeast Iowa today may prove to be of this 
subspecies. All former publications on beavers in the state have listed 
the type form, but none may be considered authentic for lack of descrip-
tion and specimens. It is possible that the beaver mentioned for Tama 
County by Nutting (1892) and for Linn County by Osborn (1905) were 
Castor c. canadensis. No doubt this beaver formerly inhabited the wooded 
streams of eastern Iowa, but suitable evidence of this occurrence is not 
available. 
Family CRICETIDAE 
LITI'LE GRAY HARVEST MOUSE 
Reithrodontomys albescens griseus (Bailey) 
1905. Reithrodontomys griseu.s Bailey, North Amer. Fauna, No. 25, p. 106. 
Type Locality: San Antonio, Bexar County, Texas. 
The Little Gray Harvest Mouse may appear in the extreme south-
west corner of the state, since the range, according to A. H. Howell (1914) 
extends to southwestern Iowa. 
The record of griseus for Palo Alto County by Ruthven and Wood 
(1912) is a misidentification of Reithrodontomys megalotis dychei. 
Family MuRIDAE 
BLACK RAT 
Rattus rattus rattus (Linnaeus) 
1758. [Mus] rattus Linnaeus, Syst. Na., ed. 10, vol. 1, p. 61. 
Type Locality: Upsala, Sweden. 
1883. Mus rattus Goding, Iowa State Agr. Soc. (1882), p. 331. 
1890. Mus rattus Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 43. 
1918. Rattus rattus Stoner, Iowa Geo!. Survey, Bul. No. 5, p. 68. 
There is no authentic record for the Black Rat in Iowa. The species 
was first listed for the state by Goding (1883) without comment. Osborn 
(1890) did not know of the species occurring within the state but accepted 
it on the authority of Jordan. It is probable that these records were largely 
of opinion and not of fact. Stoner (1918) contributes no additional infor-
mation. 
Family ZAPODIDAE 
HUDSON BAY JUMPING MOUSE 
Zapus hudsonius hudsonius (Zimmermann) 
1780. Dipus hudsonius Zimmermann, Geogr. Gesch., vol. 2, p. 358. 
Type Locality: Hudson Bay. 
1918. Zapu.s hu.dsonius hudsonius Stoner, Iowa Geol. Survey, Bul. 5, p. 122. 
The Hudson Bay Jumping Mouse may come into eastern Iowa, but 
no authentic record of its appearance has been presented. The status of 
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this mouse, according to Preble (1899, p. 15) is: "As restricted to the 
present paper, this species is found from the southern shores of Hudson 
Bay south to New Jersey, and in the mountains of North Carolina, west 
to Iowa and Missouri, and northwest to Alaska." Surber (1932) gives the 
range of this subspecies as over the northern one-half of Minnesota, bu_t 
records a specimen of campestris from Winona County which shows an 
approach towards hudsonius. 
The specimens represented by Stoner (1918) as being in the Uni-
versity of Iowa Museum cannot be found (Dill, letter, 1937). Stoner also 
records specimens in the Coe College Museum. In respect to these speci-
mens, Professor K. A. Stiles writes: "We have two specimens labeled 
Zapus hudsonius, one from Britt, Iowa, collected August 26, 1911, and 
the other labeled only Iowa." The specimens mentioned by Stoner as hav-
ing been collected by T. C. Stephens in Dickinson County were not identi- \ 
fied beyond the species (Stephens, 1922). Stephens (1922) also writes 
that the specimen marked "Iowa" in the Coe College Museum was prob-
ably collected at the Lakeside Laboratories, Dickinson County. 
Family ERETHIZONTIDAE 
CANADA PORCUPINE 
Erethizon dorsatum dorsatum (Linnaeus) 
1758. [Hystri.1:] dorsata Linnaeus, Syst. Nat., ed. 10, vol. 1, p. 57. 
Type Locality: Eastern Canada. 
1918. Erithizon (sic) dorsatum dorsatum Stoner, Iowa Geol. Survey, Bul. No. 5, p. 126. 
The Canada Porcupine probably straggled into northern Iowa until 
the period of settlement; however, no suitable records of its presence have 
been uncovered. Spurrell (1917) was informed by the settlers in Sac 
County that this mammal was rare on their arrival in 1854. 
All records since the time of settlement must be considered accidental, 
probably escaped pets. Such a record is offered by T. Van Hyning (1913, 
p. 311), who writes: "In about 1908 'some hounds in the same section,' 
Allamakee County, 'were badly stuck up by porcupine quills, which had 
to be pulled from their mouths. Last summer, on French Creek, Alla-
makee County, I saw some scrub Hemlocks freshly cut and gnawed by 
porcupines.' Geo. H. Berry, Cedar Rapids, Iowa, April 8, 1913." Dr. 
George Hendrickson informs the writer of seeing a porcupine taken at 
Chariton, Lucas County, during the late summer of 1924, but that its cap-
tors had not seen evidence of its work in the locality where it was found. 
The exhibitors of the animal called Hendrickson's attention to an injured 
forefoot that they assumed to indicate an earlier injury by a trap, and 
they believed it was an individual from a western state, escaped from a 
. tourist's cage. 
The writer observed one taken at Murray, Clarke County, during the 
summer of '36, and was informed by Taylor Huston, Iowa Conservation 
Commission, that residents in the community believed the animal to have 
escaped from a passing tourist's car. 
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Order 7. ARTIODA~TYLA 
Family ANTILOCAPRIDAE 
AMERICAN PRONGHORN 
Antilocapra americana americana (Ord) 
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1815. Antilope americana Ord, Guthrie's Geography, 2d Amer. ed., vol. 2, p. 292 (De-
scribed on page 308). 
Type Locality: Plains and highlands of the Missouri. 
There is no definite proof that the American Pronghorn ever existed 
in Iowa. It probably entered the northwestern part of the state many 
years ago. Grinnell (1929), after examining the records of the United 
States Biological Survey, is led to believe that the antelope was formerly 
found in western Iowa. 
MISINTERPRETATIONS 
Order 2. lNSECTIVORA 
Family TALPIDAE 
STAR-NOSED MOLE 
Condylura cristata (Linnaeus) 
1758. [Sorex] cristatus Linnaeus, Syst. Nat., ed. 10, vol. 1, p. 53. 
Type Locality: Pennsylvania. 
1871. Condylura cristata Allen, Proc. Boston Soc. Nat. Hist., vol. 13, p. 187. 
1883. Condylura crestata (sic) Goding, Iowa State Agr. Soc. (1882), p. 330. 
1890. Condylura cristata Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 43. 
The Star-nosed Mole is not included in the present list because, in 67 
years that it has received hypothetical rating in Iowa, no proof of its 
presence has been uncovered, and, in addition, current evidence does 
much to eliminate the assumption of its occurrence. 
The presence of this mole was assumed in the lists of Allen (1871), 
Osborn (1890), Goding (1883) and Stephens (1922). Without comment, 
Osborn (1892) failed to list this species in his second list of Iowa mammals. 
The western limit of the known range (Jackson, 1915) for this mole 
enters extreme northeastern Illinois, the eastern margin and northern half 
of Wisconsin and northeastern Minnesota. At no point does the range 
come within less than 115 miles of the northeastern corner of Iowa. Sur-
ber (1932, p. 43) provides further evidence againts the probability of this 
mole's occurrence in Iowa, since he writes: "Living in small colonies it 
is nowhere common except in the extreme northern and northwestern 
counties, though occasional examples are taken as far south as the central 
part of the state." 
Family CANIDAE 
EASTERN RED FOX 
Vulpes fulva (Desmarest) 
1820. Canis fulvus Desmarest, Mammalogie, vol. 1, p. 203. 
Type Locality: Virginia. 
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The Eastern Red Fox, Vulpes fulva, is found in all former lists of 
Iowa mammals, but nowhere is it adequately supported by museum speci-
mens. Undoubtedly the correct reference is to regalis. 
Order 4. RoDENTIA 
Family SCIURIDAE 
BLACK-TAILED PRAIRIE DOG 
Cynomys ludovicianus ludovicianus (Ord) 
1815. Arctomys ludovicianus Ord, Guthrie's Geography, 2d Amer. ed., vol. 2, p. 292. 
Description, p. 302. 
Type Locality: Upper Missouri River. 
1883. Cynomys ludovicianus Goding, Iowa State Agr. Soc. (1882), p. 331. \ 
1910. Cynomys ludovicianus Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 17, l 
p. 214. 
1918. Cynomys ludovicianus ludovicianus Stoner, Iowa Geol. Survey, Bul. 5, p. 40. 
There are a few records of the Black-tailed Prairie Dog in Iowa (Hol-
lister, 1916, and Stoner, 1918). All records of prairie dogs in Iowa are 
treated as observations of escaped pets. Allen (1871) did not find it east 
of the Missouri River, and Hollister (1916) considers the 97th meridian 
the eastern limit through Nebraska. 
EASTERN CHIPMUNK 
Tamias striatus striatus (Linnaeus) 
1758. [Sciurus] striatu.s Linnaeus, Syst. Nat., ed. 10, vol. 1, p. 64. 
Type Locality: Southeastern United States. 
1918. Tamias striatus striatus Stoner, Iowa Geol. Survey, Bul. 5, p. 26. 
The inclusion of this subspecies by Stoner (1918) is considered a 
misidentification. Stoner (1918, p. 26) gives the authority upon which 
the record was based: "A single specimen in the Coe College Museum, 
collected at Traer, June 23, 1902, and another at Iowa City are the only 
two definite locality records which are available." There are no speci-
mens of Tamias sp. in the Coe College Museum (Stiles, letter, 1937). 
Cory (1912) refers a specimen examined in the Coe College Museum to 
griseus. The information given is not sufficient to permit tracing of the 
Iowa City specimen. A statement by A. H. Howell (1929) may account 
for this misidentification. A. H. Howell (1929, p. 20), referring to T. s. 
griseus, writes: "A large series from Burlington, Iowa, in full summer 
pelage averages a little deeper ochraceous on the sides of the head and 
neck, perhaps approaching T. s. striatus." The present range of T. s. 
· striatus is "Southeastern United States, from highlands of North Carolina, 
South Carolina, Georgia and central Alabama west to the Mississippi 
River in Kentucky and Tennessee; north to the Ohio Valley in Kentucky." 
(Howell, 1929, p. 14). 
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Family CRICETIDAE 
SOUTHERN GOLDEN MOUSE 
Peromyscus nuttalli aureolus (Audubon and Bachman) 
1841. Mus (Calomys) aureolus Audubon and Baclunan, Proc. Acad. Nat. Sci., Phila-
delphia, vol. 1, p. 98. 
Type Locality: "In the oak forests of South Carolina." 
1883. Hesperomys nuttalli Goding, Iowa State Agr. Soc. (1882), p. 330. 
1890. Hesperomys aureolus Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 43. 
The Southern Golden Mouse was listed by Goding (1883) without 
comment. Osborn (1890, p. 43) accepts Goding's record, but concludes: 
"Not seen, and I think doubtful." The record of aureolus is not retained 
in the present list because there are no specimens for the state, and be-
cause the known rang~ of this mouse is considerably to the south of Iowa. 
BAILEY WOOD RAT 
Neotoma floridana baileyi (Merriam) 
1894. N eotoma baileyi Merriam, Proc. Biol. Soc. Washington, vol. 9, p . 123. 
Type Locality: Valentine, Cherry County, Nebraska. 
1883. Neotoma floridana Goding, Iowa State Agr. Soc. (1882), p . 331. 
1890. Neotoma. floridana Osborn, Proc. Iowa Acad. Sci., vol. 1, p. 43. 
The Wood Rat is listed by Goding (1883) without comment. Osborn 
(1890, p. 43) writes: "One specimen at Iowa Agricultural College, prob-
ably taken at Ames." This specimen cannot be found, and the locality 
record is doubtful. 
DRUMMOND MEADOW MOUSE 
Microtus drummondi (Audubon and Bachman) 
1854. Arviocola drummondii Audubon and Bachman, Quadr. N. Amer., vol. 3, p. 166. 
Type Locality: Alberta, Canada. 
1912. Microtus drummondi Ruthven and Wood, Proc. Iowa Acad. Sci., vol. 19, p. 204. 
The specimen listed by Ruthven and Wood (1912) has been recently 
examined by W. H. Burt, Assistant Curator of Mammals of the University 
of Michigan, and referred to Microtus p. pennsylvanicus (letter, 1937). 
Occurrence of drummondi in Iowa would be purely accidental, since 
Bailey (1900, p. 22) represents the range: "From Hudson Bay to the west 
slope of the Rocky Mountains and Alaska, and from the northern edge 
of the United States north to Fort Anderson, N. W. T., in Canadian and 
Hudsonian zones." 
Order 6. LAGOMORPHA 
Family l.EPORIDAE 
MINNESOTA VARYING HARE 
Lepus americanus phaeonotus Allen 
1899. Lepus americanus phaeonotus Allen, Bull. Amer. Mus. Nat. Hist., vol. 12, p. 11. 
Type Locality: Hallock, Kittson County, Minnesota. 
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1883. Lepus Americanus (sic) Goding, Iowa State Agr. Soc. (1882), p. 331. 
1910. Lepus americanus phasonotus (sic) Van Hyning and Pellett, Proc. Iowa Acad. 
Sci., vol 17, p. 212. 
1918. Lepus americanus phaeonotus Stoner, Iowa Geol Survey, Bul. No. 5, p. 130. 
The record by Goding (1883) is given without comment. It is signifi-
cant that Goding's authority was not accepted by any of the succeeding 
lists. Van Hyning and Pellett (1910) include the species on the basis of 
an observation by Pellett. Pellett (letter, 1936) writes: "It is a white 
rabbit unlike any rabbit common to the state. It was a specimen killed in 
northern Iowa and in the Museum of Buena Vista College about 1894. 
Since the record was made a long time later without the specimen for 
identification, there is a chance that it is mistaken." The inclusion of the 
species by Stoner (1918) is also based upon this observation by Pellett. 
WAGLER'S JACK RABBIT 
Lepus callotis Wagler 
1830. Lepus callotis Wagler, Nat. Syst. der Amphibien, p. 23. 
Type Locality: Southern end of Mexican table-land. 
1883. Lepus callotis Goding, Iowa State Agr. Soc. (1882), p. 331. 
1890. Lepus callotis Osborn, Proc. fowa Acad. Sci., vol. 1, p. 42. 
This species is first listed by Goding (1883). Osborn (1890, p. 42) fol-
lows Goding but considers the record "Very doubtful." There is no speci-
men of this species from the state, and its occurence here could only be 
accidental. 
GREAT PLAINS JACK RABBIT 
Lepus californicus melanotis (Mearns) 
1885. Lepus californicus texianus True, Proc. U. S. Nat. Mus., vol. 7 (1884), p. 601. 
Type Locality: Independence, Montgomery County, Kansas. 
1918. Lepus californicus melanotis Stoner, Iowa Geol. Survey, Bul. 5, p. 133. 
Stoner (1918) includes this jack rabbit on the basis of a specimen 
taken in Johnson County during the autumn of 1915. This specimen can-
not be located and its occurrence in the state can, at best, only be consid-
ered accidental. 
Order 7. ARTIODACTYLA 
Family CERVIDAE 
COMMON MOOSE 
Alces americana americana (Clinton) 
1822. Cervus americanus Clinton, Letters on Nat. Hist. and Int. Resources of New 
York, p. 193. 
Type Locality: "Country north of Whitestown," New York. 
1910. Alces americanus Van Hyning and Pellett, Proc. Iowa Acad. Sci., vol. 17, p. 216. 
There is no suitable evidence that the Common Moose was ever pres-
ent in Iowa. Van Hyning and Pellett (1910, p. 216) write: "The only 
record known of this species in Iowa is the finding of several teeth in the 
Boone Mound; supposing they were inhabitants of the territory and were 
used as food by the prehistoric natives." 
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CHEMICAL INVESTIGATIONS OF THE EFFECT OF FERTILIZER 
RATIOS AND GREEN MANURES ON YIELDS AND COMPOSITION 
OF CROPS AND THE ORGANIC MATTER IN NORFOLK SAND1 
JAMES Enw ARD ADAMS 
From the Department of Chemistry, Iowa State College 
Accepted for publication June 28, 1937 
The experiments reported constitute a part of a general study of 
green manure and fertilizer problems associated with the fertility of sandy 
soils of the South. They were conducted under the auspices of the Bureau 
of Plant Industry of the United States Department of Agriculture, in co-
operation with the South Carolina Agricultural Branch Station (the 
Sandhill Experiment Station) near Columbia, South Carolina. 
The sandhill area extends from central North Carolina, across South 
Carolina and Georgia, and a short distance into Alabama. The soils are 
principally of the Norfolk and related series; the sandhill phase of Nor-
folk sand, on which the experiments were conducted, is of a coarse and 
open texture. The native cover, following deforestation of the long-leaf 
pine, is principally dwarf oak, sedge, and other plants capable of growing 
in soil low in fertility and subject to excessive leaching. The soil is classi-
fied as a yellow podsol, and contains but a small amount of organic matter 
of a wide carbon: nitrogen ratio. The importance of the conservation of 
nitrogen is at once apparent. That portion of the area which lies in South 
Carolina varies from 10 to 30 miles in width, and comprises approxi-
mately 10 per cent of the area of the State. The cultivated areas are used 
principally for the production of corn and cotton; more recently peaches, 
grapes, dewberries and asparagus are being grown. 
EXPERIMENT NO. 1-A GREEN MANURE FERTILIZER STUDY 
Green manuring is an accepted practice for the addition of organic 
matter and nitrogen to the soil. The effect on the fertility of the soil will 
depend on climatic conditions and the character of the soil, so the turning 
of forage crops to the soil may be an uneconomic practice. In order to 
study this, 24 plats (one-twentieth acre), arranged in 6 tiers of 4 plats 
each, were used in a rotation of legumes, corn and cotton; the tiers were 
paired for the sake of comparison. The legumes, that, is, soybeans, velvet 
beans, and cowpeas, were grown on one tier with 400 pounds of a 6-8-4 
fertilizer2, and on the second with a like application of 2-8-4 mixture. 
An additional plat of cowpeas, to be followed by a winter cover of rye 
and vetch, completed each of the two tiers. The hay was removed from 
the tier receiving the 6-8-4 fertilizer, and the stubble was turned; the full 
crop was turned on the 2-8-4 tier during September of each year. The 
same ratios were maintained on the proper tiers for the corn and cotton 
which followed in the rotation; the corn received 400 pounds and the cot-
ton 800 pounds of fertilizer, respectively. 
1 Original thesis submitted June, 1936. Doctoral thesis number 383. 
•The fertilizer analysis is N - p,o. - K.O. 
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The average data obtained for the six years of the experiment allow 
the following conclusions to be drawn: (1) larger yields of all crops were 
obtained by applying a 6-8-4 fertilizer to the stubble of the legumes than 
by the use of the 2-8-4 mixture, all plats being left fallow during the win-
ter; (2) the use of rye and vetch as a winter cover increased yields over 
those of the respective winter-fallow plats, and again the higher-nitrogen 
analysis produced the greater yields; (3) on fallow plats the 6-8-4 com-
bination was more efficacious in conserving organic carbon, but follow-
ing a winter cover there was no particular difference; (4) there was a 
considerable reduction in the carbon: nitrogen ratio, which is thought to 
be associated with an increased availability of the soil nitrogen, and (5) 
there was but a loose correlation between the yields of corn and cotton 
and the carbon content of the plats at the end of the second rotation. 
Supplementing and adding to the information given in Experiment 
No. 1, was a combination experiment to study the effect of 21 fertilizers 
on the composition of soybean hay and seed, and that of the crop residues 
on the organic matter and pH of the soil. The triangle system, as applied 
to fertilizer investigations by Schreiner and Skinner8, was used. Each 
of the 21 plats was subdivided into 3 subplats: (1) from one of the sub-
plats the seed was harvested and the threshed hay returned to the proper 
plat, (2) another furnished hay samples for analysis and the crop was 
turned as a green manure, and (3) the hay was removed from the re-
maining subplat and the stubble turned. 
EXPERIMENT NO. 2-THE EFFECT OF 1''ERTILIZERS ON THE YIELD AND COMPOSITION 
OF SOYBEAN HAY 
The following conclusions were drawn: (1) the best average yield 
was obtained with a fertilizer containing nitrogen, phosphoric acid and 
potash in the ratio 1: 3: 1 (3-9-3 analysis), (2) the calcium content of the 
hay is in proportion to the superphosphate content of the' fertilizer, (3) 
the nitrogen content is related to that of the calcium, ( 4) calcium and 
potassium present an inverse relation, with the former appearing as the 
"key element," and (5) the phosphate content is a reflection of both the 
potash and the superphosphate contents of the fertilizer. The variations 
in soluble ash, Mn30 4, R20 3, MgO, and sulphur in the hay are also dis-
cussed. 
EXPERIMENT NO. 3-THE EFFECT OF FERTILIZERS ON THE YIELD AND COMPOSITION 
OF SOYBEAN SEED 
The data showed the following: (1) a small amount of nitrogen is 
needed for seed production, but a definite need for phosphate is displayed, 
(2) the factors controlling the nitrogen content of the hay also operate in 
the seed, and (3) nitrogen and potash are needed to induce the highest 
oil content in the seed. 
EXPERIMENT NO. 4-THE EFFECT OF FERTILIZERS AND CROP MANAGEMENT ON THE 
ORGANIC MATTER AND pH OF THE SOIL 
The three managements of the crop residues in conjunction with the 
fertilizer treatment allowed a study of the combined effects on the carbon 
and nitrogen relations, and the pH of Norfolk sand. The following obser-
aSchreiner, 0 ., and Skinner, J . J . Bot. Gaz. 50:1-30. 1910, and Jour. Amer. Soc. 
Agron. 14: 193-197. 1918. 
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vations are pertinent: (1) a gain in organic carbon was obtained on one 
of the 69 subplats; this was with the 3-9-3 analysis, (2) both gains and 
losses of nitrogen occurred; the particular result obtained depended on 
the management of the residues and the fertilizer used, (3) a rapid nar-
rowing of the carbon: nitrogen ratio occurred early in the experiment, 
followed by a gradual decrease. This would seem to indicate that a por-
tion of the native organic matter is rapidly utilizable by micro-organisms, 
and (4) the pH of the soil is also amenable to both the type of residue 
turned and the fertilizer employed; decreases were most numerous, but 
the use of certain combinations resulted in increases. 
SUMMARY 
The results obtained over a period of six years indicate that, under 
the climatic conditions of the Southeast, a departure from some generally 
accepted agricultural practices is necessary. A soil subject to excessive 
leaching and aeration, in conjunction with a fairly high level of tempera-
ture and rainfall, does not allow an efficient usage of summer legumes 
turned as green manures. It is better to remove the hay crop and apply 
liberal quantities of nitrogen to the summer crops. Winter cover crops 
appear to have a definite place in the management of Norfolk sand. 
The management of a soil containing organic matter of a wide carbon: 
nitrogen ratio should involve practices conducive to a lowering of this 
ratio, to induce a more labile nitrogen content. 
Fertilizers affect materially the composition of soybean hay grown on 
this type of soil. The data submitted from 21 fertilizers of varying analysis 
indicate that the amount of calcium supplied in the fertilizer dominates 
the nutrition of the soybean plant. 
The pH of Norfolk sand reflects the management of the crop residues 
and the fertilizer used to produce the crop. Fertilizers high in potash 
tend to mairttain, or increase, the pH of this soil. Appreciable decreases 
were produced with certain combinations. 
THYSANOPTERA OF IOWA1 
FLOYD ANDRE 
From the Department of Zoology and Entomology, Iowa State College 
Accepted for publication June 28, 1937 
The first systematic study of Iowa Thysanoptera was published by Miss 
Alice Beach (1895) 2 in a paper which recorded 13 species for the state. 
Seven of this number have since been shown to be synonyms of other 
species. Moulton and Andre (1936) 8 recorded 85 species for the state, 4 
of which were described as new to science. 
This paper brings together 87 species of Thysanoptera which have 
been recorded as occurring in the state and contains keys for the separa-
tion of the various species. A study of the food plants from which the 
species are ordinarily collected has been made. 
During the winter months the writer collected leaf mold, moss, grass, 
dead laves and other debris from many places in the state to obtain a 
knowledge of the forms normally overwintering in Iowa as well as the 
habitat usually serving this purpose. Collections made in this manner 
were unusually productive and many interesting and rare as well as sev-
eral new species were discovered. A number of species were very re-
stricted as to their ecological habitat and could be collected in but a few 
limited places. 
The general characters of the Thysanoptera are discussed. Sexual 
characters of the two suborders are taken up, as well as the general dis-
tribution and importance of this order from the standpoint of Iowa and 
other sections of the country. Species of particular economic significance 
in Iowa are Thrips tabaci Lindeman, Taeniothrips simplex (Morison) and 
Dendothrips ornatus (Jablon.). 
This is followed by the general classification of the Thysanoptera and 
a description of the various genera and species other than is given in the 
keys separating the various divisions. A complete list of references of all 
the pertinent papers dealing with Iowa species is given at the end of the 
thesis. 
The following 48 species belonging to the suborder Terebrantia Hali-
day are recorded from the state: Aeolothrips albicinctus Haliday, Aleolo-
thrips bicolor Hinds, Aeolothrips fasciatus (Linne), Aeolothrips nasturtii 
Jones, Heterothrips arisaemae Hood, Heliothrips haemorrhoidalis 
(Bouche), Hercothrips fasciapennis (Hinds), Hercothrips femoralis 
(Reuter), Echinothrips americanus Morgan, Chirothrips manicatus Hali-
day, Chirothrips obesus Hinds, Limothrips cerealium Haliday, Limothrips 
denticornis Haliday, Aptinothrips rufus (Gmelin), Sericothrips apicalis 
Hood, Sericothrips beachae Hood, Sericothrtps cingulatus Hinds, Serico-
thrips interruptus Hood, Sericothrips sambuci Hood, Sericothrips tiliae 
Hood, Sericothrips variabilis (Beach), Dendothrips ornatus Jablonowski, 
1 Original th"*lis submitted December, 1936. Doctoral thesis number 410. 
•Beach, Proc. Iowa Acad. Sci., 3: 214-227 (1895). 
'Moulton and Andre, Iowa Staw State College Jour Sci., 18: 223-234 (1936). 
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Anaphothrips obscurus (Muller), Scolothrips sexmaculatus (Pergande), 
Frankliniella andrei Moulton, Frankliniella andropogoni Moulton and 
Andre, Frankliniella cephalica (Crawford), Frankliniella fulvus Moulton, 
Frankliniella fusca (Hinds), Frankliniella gilmorei (Morgan), Franklini-
ella nervosa (Uzel), Frankliniella occidentalis (Pergande), Frankliniella 
runneri (Morgan), Frankliniella tenusicornis (Uzel), Frankliniella tritici 
(Fitch), Frankliniella varicorne Bagnall, Frankliella williamsi Hood, 
Taeniothrips dianthi Priesner, Taeniothrips simplex (Morison), Pseudo-
thrips inequalis ,Beach), Ctenothrips bridwelli Franklin, Thrips (Micro-
cephalothirps) abdominals (Crawford), Thrips albopilosus Uzel, Thrips 
nigropilosus Uzel, Thrips tabaci Lindeman, Thrips treherni Priesner, 
Plesiothrips perplexus (Beach) and Merothrips morgani Hood. 
The following 39 species of the suborder Tubulifera Haliday were 
found in Iowa: Cryptothrips rectangularis Hood, Cephalothrips elegans 
Moulton, Cephalothrips errans Moulton, Hoplothrips americanus (Hood), 
Hoplothrips angusticeps (Hood), Hoplothrips flavicauda (Morgan), Hop-
lothrips fiavus Moulton and Andre, Hoplothrips pergandei (Hood), Hoplo-
thrips quercus Moulton and Andre, Hoplothrips smithi (Hood), Eury-
thrips flavacinctus Moulton and Andre, Eurythrips osborni Hinds, Eury-
thrips tarsalis Hood, Liothrips caryae (Fitch), Liothrips citricornis 
(Hood), Liothrips leucognis Hood, Liothrips ocellatus Hood, Liothrips 
sambuci Hood, Rhynchothrips pruni Hood, Lissothrips muscorum Hood, 
Neothrips corticis Hood, Allothrips nubillicauda Watson, Allothrips mega-
cephalus Hood, Haplothrips aculeatus (Fabr.), Haplothrips faurei Hood, 
Haplothrips graminis Hood, Haplothrips leucanthemi (Schrank), Bag-
nalliella yuccae (Hinds), Karnyothrips flavipes (Jones), Leptothrips mali 
(Fitch), Neoheegeria verbasci (Osborn), Glyptothrips flavascens Hood, 
Phloeothrips (Hoplandrothrips) xanthopus Hood, Phloeothrips ( Acan-
thothrips) nodicornis Reuter, Neurothrips magnafemoralis (Hinds), Bolo-
thrips bicolor (Heeger), Elaphrothrips armatus (Hood), Elaphrothrips 
flavipes (Hood), and Elaphrothrips tuberculatus (Hood). 
OXIDATION, REDUCTION AND HYDROLYSIS OF WOOL 
KERATIN1 
MILDRED BARR 
From the Department of Chemistry, Iowa State College 
Accepted for publication June 28, 1937 
This study was undertaken to obtain quantitative data of the change 
in composition and mechanical strength of wool keratin brought about 
by hydrochloric acid, sodium chloride, steam, sodium hydrosulfite, and 
potassium permanganate. 
Hydrochloric acid. Five grams of wool keratin, prepared from plain-
woven undyed wool by extraction with water and ether, were immersed 
in 125 cc. of water, 0.10 N, 0.25 N, 0.50 N, 1.00 N, 6.87 N, or 7.87 N 
hydrochloric acid for ten hours at 25° C. or in 250 cc. of water, 0.25 N, 
0.50 N, or 0.75 N hydrochloric acid in a flask fitted with a water-cooled 
reflux condenser for one hour at 100° C.; the residual keratins were 
washed with water until the rinse gave no test for chloride before deter-
mination of weight, nitrogen (3), total sulfur (2), wet strength, and 
elongation (1). Dilute hydrochloric acid in ten hours at 25° C. had but 
slight effect on the weight, total sulfur, total nitrogen, wet strength, and 
elongation of wool; concentrated hydrochloric acid in ten hours at 25° C. 
brought about appreciable decrease in the weight and total nitrogen, 
approximately 50 per cent decrease in the strength and only slight decrease 
in the total sulfur of wool; degradation of the keratin by hydrochloric acid 
in one hour at 100° C. increased with increasing concentration of acid, 
the wet strength decreased more rapidly than either weight or nitrogen, 
and the total sulfur remained almost unchanged. The residual wool slowly 
decreased in nitrogen and increased in sulfur. 
Sodium chloride. Five grams of the wool keratin were treated with 
250 cc. of 0.06 Mor 0.70 M sodium chloride for one hour at 100° C. and 
then washed with distilled water until the rinse gave no test for chloride. 
The residual keratin differed little from the original in weight, nitrogen, 
total sulfur, and wet strength. 
Steam. Five grams of the keratin were steamed for one hour at 100°, 
115.2°, 121°, 126°, 134.5°, and 141.5° C. and for one, three and five hours 
at 115.2° c in an autoclave; the residual keratin was washed free of soluble 
products by eight rinsings in water before determination of weight, nitro-
gen, total sulfur, and wet strength. The degradation of the keratin by 
steam increased with increasing pressure or time; the first appreciable 
loss of both sulfur and nitrogen occurred at 134.5° C. in one hour and at 
115.2° c. in five hours. The weight, total sulfur, and nitrogen of the wool 
decreased more slowly than its wet strength which was only sixteen per 
cent of the original after one hour at 126° C. 
Sodium hydrosiilfite. The wool keratin was immersed in fifty vol-
umes of 0.9525 M sodium hydrosulfite for ten hours at 40°C. and then 
washed until the rinse no longer decolorized permanganate. The residual 
1 Original thesis submitted July, 1936. Doctoral thesis number 392. 
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wool analyzed higher in nitrogen and total suHur and slightly lower in 
suHate sulfur but retained only fifty per cent of its original wet strength. 
Potassium permanganate. The wool keratin was immersed for ten 
hours at 40° C. in fifty volumes of 0.01 M, 0.15 M, 0.02 M, 0.03 M, or 0.04 M 
potassium permanganate, in fifty volumes of 0.01 M, 0.015 M, 0.02 M, 0.03 
M, 0.04 M, 0.05 M, or 0.06 M potassium permanganate made 0.18 N with 
sulfuric acid, and in 62.5, 75, 87.5, or 100 volumes of 0.02 M potassium 
permanganate or 0.02 M potassium permanganate made 0.18 N with sul-
furic acid. The residues were freed from oxides of manganese by 0.5 per 
cent sodium hydrosulfite in two hours at room temperature, washed in 
water until the rinse no longer decolorized permanganate and then ana-
lyzed for weight, total nitrogen, total sulfur, sulfate sulfur ( 4), and wet 
strength. The strength of the wool decreased much more rapidly in the 
aqueous than in the acidic solution and the weight, total nitrogen, and 
non-sulfate sulfur decreased less rapidly than the strength and to the same 
extent in aqueous and acidic solutions. Percentage losses of weight, nitro-
gen, and non-sulfate sulfur were quite similar, indicating solution of wool 
at the surface of the fiber rather than elimination of a portion containing a 
different ratio of sulfur to nitrogen. The weight, nitrogen, non-suHate sul-
fur, and wet strength of wool decreased with increasing volume of 0.02 M 
aqueous and acidic potassium permanganate; the decrease in strength was 
more rapid in the aqueous than in the acidic solution. Although residual 
keratins from treatment with other oxidants have been reported to contain 
sulfate equivalent to part of their original sulfur, in no case in this study 
was the sulfate sulfur of wool increased by potassium permanganate; solu-
tion of part of the original (0.93 per cent) sulfate sulfur occurred in the 
acidic potassium permanganate. The residual keratin from treatment with 
fifty volues of 0.06 M acidic potassium permanganate for ten hours at 40° C. 
yielded 0.48 per cent and the blank 0.01 per cent ash. Although aqueous 
solutions of potassium permanganate are more commonly used in the 
processing of wool, acidic solutions have been shown more desirable and 
a specification of volume as well as concentration of oxidant necessary. 
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The compounds studied were conveniently placed into two groups: 
(1) furan and derivatives; and (2) dibenzofuran and derivatives. An ef-
fort was made to obtain partially reduced compounds from the reductions. 
I. FURAN COMPOUNDS 
A survey of the reported work on the reduction of furan and deriva-
tives disclosed that the only instance of a dihydrofuran derivative resulting 
from the reduction of a furan derivative was the production of dihydrode-
hydromucic acid from dihydromucic acid by means of sodium amalgam. 
The attempted partial hydrogenation of ,8-furylacrolein led to no isolable 
products. 
Furan was hydrogenated in the presence of a platinum oxide catalyst 
in acetic acid and dioxan solvents to yield tetrahydrofuran and n-butyl 
alcohol. Partial hydrogenation yielded the same products and unchanged 
furan. Hydrogenation of furan in the presence of Raney nickel catalyst 
and in dioxan or decalin solvent or without a solvent yielded only tetra-
hydrofuran. 2-Methylfuran was partially hydrogenated in the presence 
of Raney catalyst to 2-methyltetrahydrofuran. 2,5-Dimethylfuran was 
partially hydrogenated under the same conditions but the products could 
not be separtaed by fractiona1 distillation. 
The rates of hydrogenation of furan and dihydrofuran under various 
conditions of catalyst and solvent were determined and compared graphic-
ally. In every case dihydrofuran was hydrogenated more rapidly. Addi-
tional interesting facts concerning the stability of the furan ring were 
brought out by the determinations of the rates of hydrogenation. All of 
the curves were smooth, indicating that the hydrogenations were not step-
wise. With the platinum oxide catalyst, furan in dioxan absorbed three 
moles of hydrogen to give a smooth hydrogenation curve. This indicated 
that the furan ring was cleaved. Under the same conditions dihydrofuran 
absorbed only one mole of hydrogen, indicating that the dihydrofuran ring 
and the resultant tetrahydrofuran ring were not cleaved. The hydrogena-
tions were not complete in n-hexane solvent but dihydrofuran did absorb 
more than one mole of hydrogen showing that either the dihydrofuran or 
tetrahydrofuran ring was cleaved. 
II. DIBENZOFURAN COMPOUNDS 
Previous to this investigation dibenzofuran had been reduced non-
catalytically to 1,2,3,4-tetrahydrofuran and catalytically to perhydrodi-
benzofuran. No attempt had been made to reduce dibenzofuran deriva-
1 Original thesis submitted March, 1937. Doctoral thesis number 420. 
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tives. In this investigation dibenzofuran and some amino and hydroxy 
dibenzofurans were subjected to catalytic hydrogenation at both low and 
high pressures and to reduction by sodium in liquid ammonia. 
Dibenzofuran could be made to yield only perhydrodibenzofuran by 
catalytic reduction. It was subjected to hydrogenation in acetic acid solu-
tion in the presence of platinum oxide and platinum black catalysts and 
to hydrogenation at high pressure and temperature in the presence of 
Raney nickel catalyst. 
2-Hydroxydibenzofuran and 4-hydroxydibenzofuran in acetic acid 
solution were hydrogenated in the presence of platinum oxide catalyst 
to absorb three moles of hydrogen. Only perhydrodibenzofuran was ob-
tained. 2-Methoxydibenzofuran was then tried under similar conditions 
to yield an inseparable mixture of products. 
Hydrogenation of 4-hydroxydibenzofuran at 140 degrees and 70 at-
mospheres in the presence of a nickel catalyst also yielded some perihydro-
dibenzofuran. The remainder was alkali soluble but could not be purified. 
It probably was a mixture of unreduced and reduced 4-hydroxydibenzo-
furan. 4-Methoxydibenzofuran was then tried under similar conditions 
except that dioxan solvent was used. In this case much less perhydrodi-
benzofuran was formed and 41 per cent of 1,2,3,4-tetrahydro-6-methoxydi-
benzofuran was obtained by fractional distillation. It crystallized from 
petroleum ether, m.p., 39-39.5 degrees. 
New, and in some cases improved, syntheses of aminodibenzofurans 
were employed. 3-Nitrodibenzofuran suspended in ethanol was hydro-
genated at 100 degrees and three atmospheres pressure employing Raney 
nickel catalyst. Yields of 90-95 per cent of 3-aminodibenzofuran of high 
purity were obtained. 2-Bromodibenzofuran and 4-bromodibenzofuran 
were subjected to the action of sodamide in liquid ammonia to obtain the 
corresponding amines. 
3-Aminodibenzofuran and 4-aminodibenzofuran were dissolved in 
dioxan and subjected to hydrogenation at 235 degrees and 170 atmospheres 
for three hours. A nickel catalyst was employed. No appreciable hydro-
genation occurred. 3-Aminodibenzofuran in ethanol was hydrogenated at 
3 atmospheres and 100 degrees, employing Raney catalyst. The hydro-
genation was very low. A dihydroaminodibenzofuran was produced m. p. 
72 degrees. It did not form a salt with moist carbon dioxide indicating 
that the reduction was in the non-substituted ring. The reduced amine 
formed a dibromide, m.p., 186 degrees, with decomposition. 3-Aminodi-
benzofuran was regenerated by the action of alcoholic potassium hydrox-
ide on the dibromide. 
By the action of sodium in liquid ammonia dibenzofuran was reduced 
to 1,4-dihydrodibenzofuran, m. p. 43 degrees. 4-Hydroxydibenzofuran 
was reduced to 1,4-dihydro-6-hydroxydibenzofuran, m. p. 116-117 degrees. 
The methyl ether (m.p., 54 degrees) was prepared by the use of methyl 
sulfate. 4-Methoxydibenzofuran yielded 26 per cent of dihydrodibenzo-
furan. 3-Aminodibenzofuran, 3-diethylaminodibenzofuran and 4-amino-
dibenzofuran reacted with sodium in liquid ammonia yielding tars and 
humus-like materials as the only product. Approximately three-fourths 
of the amines were recovered. Calcium in liquid ammonia reduced diben-
zofuran to a greater extent than did sodium in liquid ammonia. The stage 
of the reduction was not so specific as the product was a mixture. 
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Dihydrodibenzofuran was subjected to the action of several reagents. 
It was reduced to tetrahydrodibenzofuran by sodium and alcohol and 
catalytically in the presence of either platinum oxide or Raney catalysts. 
It was oxidized to dibenzofuran by permanganate, dichromate, hypochlo-
rous acid and, in small amounts, by ozone. Bromine was added readily to 
yield a dibromide, m.p., 79 degrees. Acetylation by means of acetic an-
hydride and stannic chloride yielded 1,4-dihydro-7-acetyldibenzofuran, 
m.p., 117 degrees. 
Metalation of dihydrodibenzofuran was of especial interest because it 
offered the best evidence of its structure. Metalation with n-butyllithium 
at low temperature followed by carbonation produced a dihydrodibenzo-
furancarboxylic acid (m.p., 278-279 degrees), which was dehydrogenated 
to 2-dibenzofurancarboxylic acid. A similar reaction with 1,4-dihydro-
naphthalene yielded 1,2-dihydronaphthalene 2-carboxylic acid which was 
dehydrogenated to ,8-naphthoic acid. 
Lithium reacted with dibenzofuran in ether or dioxan solution to give 
o-hydroxybiphenyl. Dihydrodibenzofuran in dioxan also reacted with 
lithium to give o-hydroxybiphenyl, dehydrogenation having occurred dur-
ing the reaction. 
SYNTHESIS OF CERTAIN FURAN AND DIFURYL DERIVATIVES1 
ELLIS VINCENT BROWN 
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Accepted for publication June 28, 1937 
This thesis has for its purpose the extension of our knowledge con-
cerning the furan series of compounds. The first section concerns the 
oxidation of furan methyl groups and certain other furan compounds; the 
second deals with the bromination of furyl methyl ketone; the third con-
cerns the synthesis of several new members of the difuryl series. 
I. OXIDATION OF FURAN METHYL GROUPS 
Although oxidation in the furan series has been studied since 1873, 
when Limpricht (1) worked with furoic acid, no general method and few 
special methods have been reported for the oxidation of furan compounds 
without decomposition of the furan ring. A short history of oxidation in 
the furan series is given. 
The oxidizing agent used in these studies is one that has been applied 
successfully by W. A. Noyes (2) to the benzene series, and appears to be 
general for the oxidation of furan methyl groups to carboxylic acids. 
This reagent, potassium ferricyanide, combines power with mildness in a 
way which makes it an ideal oxidizing agent in the furan series. Table 1 
gives the results of a number of oxidations. 
II. BROMINATION OF FURYL METHYL KETONE 
The great tendency of fnran to undergo nuclear substitution when 
treated with a reagent which can effect furan nuclear substitution has been 
demonstrated in the case of ethyl furylacrylate (3) and 2-furyl phenyl 
ketone ( 4) . The only exception has been the addition of bromine to the 
side chain of furyl ethylene (5). In the bromination of furyl methyl 
ketone it has been shown that the bromine enters the side chain to give 
w-bromofuryl methyl ketone. This behavior may be explained by the 
theory of C. F. Ward (6). This theory assumes enolization of the carbonyl 
group and addition to the unsaturated linkage with a final removal of 
hydrogen bromide. It was expected, however, that the second atom of 
bromine would substitute in the nucleus. This was shown not to be the 
case as the dibromination of furyl methyl ketone gives w,w-dibromfuryl 
methyl ketone in 90 per cent yield. 
The nitration product of furyl methyl ketone (7) has been shown to 
be 5-nitro-2-furyl methyl ketone by comparison with the product from 
the reaction of diazomethane with 5-nitro-2-furfural. This ketone has 
been characterized by the preparation of the oxime. 
III. SYNTHESES IN THE DIFURYL SERIES 
It is significant that, although a large number of diphenyl compounds 
and many phenylated heterocyclic compounds have been prepared, very 
1 Original thesis submitted July, 1936. Doctoral thesis number 394. 
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TABLE 1 
Grams 
potassium 
Sample ferricy- Yield 
Compounds oxidized grams anide used Acid obtained grams 
Sylvan 1 50 furoic .05 
Dimethyl furan 1 25 dehydromucic .01 
Furyl methyl ketone 1 25 furoic .51 
Furylacrylic acid 1 25 not oxidized 
5-lVIethyl-2-furoic 1 25 dehydromucic .35 
Furfural 1 25 furoic .22 
5-Bromofuryl methyl ketone 1 25 5-bromofuroic .45 
Furyl methyl ketone 1 25 furoic .30 
5-Nitrosy Ivan 1 25 5-nitrofuroic .54 
Furfuryl alcohol 1 25 furoic .21 
Furfural acetone 1 25 furylacrylic .10 
Furfural acetone 1 25 furylacrylic .10 
Furil lh 25 furoic .41 
2-lVIethyl-2-furoic acid 1 75 2,3-dicarboxy furan .35 
Tertiarybutyl furoic acid lh 50 dehydromucic .01 
Furyl ethylene 1 25 furoic acid .02 
little work has been published concerning the difuryl series of com-
pounds. A review of the possible methods of preparation of difuryls is 
given. Table 2 lists in chronological order all of the difuryls known at 
the present time. 
Unsuccessful attempts were made to couple 5-bromo-2-furyl methyl 
ketone, ethyl 5-chloro-2-furoate, ethyl 5-bromo-2-methyl-3-furoate, and 
2,5-dimethy 1-3-iodofuran. 
One particular object in the studies on the difuryl types was to pre-
pare a compound which would show optical activity. The method of 
Stanley and Adams (8) for determining which diphenyls would be re-
solvable was applied to the difuryl series. After a thorough consideration 
of all the resolvable difuryls possible the only one that seemed to offer a 
chance for successful preparation was 2,2',5,5'-tetramethyl-3,3,-difuryl-
4,4'-dicarboxylic acid. This compound was prepared. Although optical 
studies on this compound are not completed, the results should throw 
some very interesting light on the structure of the furan ring. 
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The difficulty of repeating another investigator's research on lignin 
has been a well known fact for many years. Two different investigators 
working on the same lignin-containing tissue and using the same methods 
have often been unable to reproduce each other's work. Extensive dis-
cussions on the difficulty of repeating another investigator's work have 
been reported by Aberhalden, Fuchs, Freundenberg, and Phillips. 
It was necessary in this investigation to repeat some of the work be-
gun by Walde. The ammonia lignins isolated by the same method but by 
two different investigators in this laboratory have been found to agree 
in their oxidation values and their carbon and hydrogen analyses. The 
methoxyl content of the two prepared lignins differed by 1.6 per cent. 
The fact that the ammonia lignin prepared from oat hulls could be 
fractionated into an acetone soluble and an acetone insoluble fraction 
indicated that the ammonia lignin, as previously reported, was not a homo-
geneous product. These two fractions differed considerably. From the 
analyses of the products methylated with diazomethane and dimethyl 
sulfate the number of hydroxyl and methoxyl groups could be readily 
calculated. 
The seeming unreliability of methylating with dimethyl sulfate and 
caustic in studies on the constitution of lignin has been pointed out by 
Compton and Hibbert. High temperatures and excess alkali during the 
process of methylation seem to cause the formation of new hydroxyl 
groups, which are in tum methylated. Compton and Hibbert have there-
fore suggested (a) the use of acetone as a solvent; (b) a slight excess of 
alkali (5-10 per cent); and (c) a temperature of 20° C. as the best condi-
tions for methylation. With the omission of the use of acetone as a solvent, 
these precautions were used when lignin derivatives were methylated 
with dimethyl sulfate and caustic. For the calculations it was assumed 
that the methylation with dimethyl sulfate and caustic, under these care-
fully controlled conditions, gave products which were completely methyl-
ated. 
It was found in this study that the acetone insoluble fraction of the 
ammonia lignin when methylated with diazomethane gave a product hav-
ing the same methoxyl content as a product which had been methylated 
with dimethyl sulfate and caustic. This fact would indicate that the latter 
method of methylation has not brought about any drastic changes in the 
molecule during the methylation process. The acetone insoluble fraction 
was found to have three methoxyl and three hydroxyl groups as com-
pared to three methoxyl and five hydroxyl groups in the acetone soluble 
fraction. 
1 Original thesis submitted June, 1937. Doctoral thesis number 424. 
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The NaOI and NaOBr oxidation of the acetone soluble and insoluble 
fraction of the ammonia lignin were, respectively: acetone soluble, 212.0, 
240.0; acetone insoluble, 163.0, 226.0. It was of interest to note that iodo-
form could be isolated from the alkaline iodine oxidation of both the 
acetone soluble and insoluble fractions, indicating that the grouping from 
which it arose had not been destroyed during the extraction process. 
The iodo-carboxy lignin prepared from the ammonia lignin was found 
to differ considerably from the iodo-carboxy lignin prepared from the 
acid-hydrolyzed oat hulls. The former had an average minimum mole-
cular weight of 960, whereas the latter had an average minimum mole-
cular weight of 1,340. From the analyses of the iodo-carboxy lignin pre-
pared from the ammonia lignin and its derivatives it is not at all unlikely 
that this isolated lignin is a mixture which could be readily fractionated 
with suitable solvents. 
It was observed that the iodo-carboxy lignin prepared from the am-
monia lignin which had been fully methylated by means of dimethyl sul-
fate and caustic would not go completely into solution when treated with 
hot 10 per cent NaOH. This phenomenon was in contradicition to the 
result obtained by Walde. Both the alkali soluble and insoluble fractions 
of the methylated derivative showed losses in methoxyl content. It would 
appear from these results that the fully methylated iodo-carboxy lignin 
prepared from the ammonia lignin is a mixture which is separated into 
distinct fractions by treatment with hot 10 per cent NaOH. 
The fact that the iodo-carboxy lignin prepared from the acid-hydro-
lyzed oat hulls could be quantitatively oxidized with NaOI resulting in 
the formation of reoxidized lignins was of note. The once oxidized iodo-
carboxy lignin had four hydroxyl and two methoxyl groups; the same 
number as the twice oxidized iodo-carboxy lignin. Iodoform was the 
product isolated from the oxidation in each case. 
The iodo-carboxy lignin prepared from the acid-hydrolyzed oat hulls 
was fractionated by the use of acetone which yielded hitherto unreported 
acetone soluble and insoluble fractions. A 10 per cent increase in weight 
of the two fractions beyond the weight of the original oxidized lignin 
seemed to indicate that the acetone was in some manner reacting with the 
oxidized lignin. It was most unlikely that this increase in weight of these 
two fractions was due to an absorption or occulsion phenomenon. 
It was found that the acetone soluble fraction of the above described 
oxidized lignin had five hydroxyl and one methoxyl groups, while the 
acetone insoluble fraction had five hydroxyl and three methoxyl groups. 
Of the five hydroxyl groups in the acetone insoluble fraction, two were 
shown to be carboxylic in character. The fully methylated derivatives of 
the acetone insoluble fraction were completely soluble in hot 10 per cent 
NaOH with a definite loss in methoxyl content. These soluble derivatives 
when re-methylated with diazomethane and again treated with hot 10 
per cent NaOH failed to go completely into solution under any set of 
circumstances. 
The acetone insoluble fraction of the iodo-carboxy lignin prepared 
from the acid-hydrolyzed oat hulls was re-oxidized with NaOI to give an 
oxidized lignin having four hydroxyl and two methoxyl groups. The same 
number of hydroxyl and methoxyl groups was observed on the re-oxidized 
iodo-carboxy lignins which would indicate that by repeated oxidations an 
oxidized product common to the lignin molecule is obtained. 
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In 1930 Dr. P . H. Carr announced a new method of recording elec-
trons on a number of metals by means of the altered surface activity 
produced by exposure to electrons of moderate velocity. 
His results and those of a number of other experimenters have re-
sulted in the presentation of four more or less conflicting theories of 
electron recording on metals. They are: 
1. That the electron stream cleans the surface to some extent of its 
surface gas film, and thus alters its activity toward corroding vapours. 
2. That the electron stream cleans the surface of the thin film of 
fatty acid always present on surfaces cleaned in the ordinary manner. 
3. That the exposure to electrons accelerates the formation of a thin 
layer of the oxide which renders that portion of the surface "passive'' 
toward chemical vapours. 
4. That the electron stream causes the formation on the surface of a 
film of organic polymers from organic vapours present. 
THE PROBLEM 
This research was undertaken in an effort to determine if possible 
which one or ones of the above suggested explanations most nearly cov-
ered all the facts of electron recording. 
APPARATUS AND EXPERIMENTAL METHOD 
The metal used as the object of investigation in this experiment was 
platinum, chosen because of its high melting point, its inertness, and be-
cause the electron record on platinum can be developed in mercury vapor. 
By including in the tube system a small amount of liquid mercury it was 
possible to expose the strip and develop the resulting record without re-
moval from the high vacuum conditions. During exposures the mercury 
vapour pressure in the tube resulting from the presence of this liquid 
mercury was reduced to a negligible value by submerging the tube in a 
thermos bottle filled with CO:. in acetone. 
The electron camera consisted of an untreated tungsten filament, a 
copper plate-grid combination, and the platinum strip all sealed within a 
pyrex tube of convenient size to fit into a large-mouthed thermos bottle 
as previously mentioned. The platinum strip was supported on separately 
insulated leads so that it could be heated by .an electric current for out-
gassing. This electrical isolation also made it possible to locate the electron 
beam accurately on the strip by simply noting the electron current to the 
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strip and adjusting the deflecting field until this electron current wa~ a 
maximum. 
Permanent records of each exposure were secured by photographing 
the strip through the walls of the tube by means of a suitably arranged 
camera and, light. 
The vacuum system contained no wax or grease joints, being one con-
tinuous glass system from the electron camera through the trap, and the 
mercury vapour pump to the stop-cock in the line to the fore-pump. The 
tube proper was baked out for long periods at approximately 450° C. and 
the remainder of the system and the trap were flamed out at intervals 
during the series of tests. 
Preliminary tests with a McLeod gauge sealed into the system showed 
that a vacuum of better than .02 micron (the limit of the gauge used) 
could consistently be reached. In fact, the vacuum was high enough to 
cause the mercury in the McLeod gauge to adhere to the top of the closed 
column until the mercury level in the open leg fell more than five centi-
meters below its level. 
RESULTS AND DISCUSSION 
Well defined electron records were secured when there was present 
on the platinum strip a film resulting from exposure to dry air, commercial 
nitrogen, or commercial hydrogen, even after a cursory baking out and 
evacuation. 
No records were secured if the strip had been heated to 1200° C. and 
the system had been baked out several times at a temperature of 450° C., 
or if the strip had been exposed to commercial argon gas and then merely 
evacuated before exposure to electrons. 
In the case of commercial nitrogen gas anomalous records were se-
cured consisting of a grey line on a dark background instead of the usual 
dark line on a grey background characteristic of records with dry air or 
commercial hydrogen. 
In one instance, however, after nitrogen had been evacuated for only 
a brief period before exposure, the record secured was the usual dark line 
on a grey background. This was the only time nitrogen acted in what one 
is tempted to call the normal manner for electron recording. 
All exposures were to electrons of some 90 volts equivalent velocity 
and the electron current was usually about 50 microamperes. Exposure 
times were generally two hours and a half, although some were as long as 
four hours. The difference in strength of impression was not marked and 
it was assumed that all the exposures were well over the minimum re-
quired to produce a record. 
CONCLUSIONS 
The author be1ieves the results obtained warrant the following con-
clusions: 
1. The process of electron recording is complex but in general results 
from the fact that the effect of an electron exposure is to produce, in the 
exposed region, all of the constituents in the atomic state, so that any 
combination of the elements involved is possible. The direction in which 
the resulting reactions will proceed depends upon the equivalent concen-
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trations of the reacting substances, and the stability and concentration 
of the end-products produced. 
2. Electron recording on platinum is definitely not due to a surface 
change in the metal itself, but does depend upon the presence of an ex-
tremely minute amount of some foreign material, most probably a residual 
gas film from certain gases. 
3. If there is present on the surface a gas film which is in quasi-
chemical combination with the surface atoms of the metal, but which does 
not form stable compounds with the metal, the effect of the electron ex-
posure will be to remove this gas film where the electrons have struck 
and thus render the surface more active at that region. 
4. If the gas is one which may form stable compounds with the metal 
then the effect of the electrons will be to facilitate the formation of that 
compound and render the surface more passive at that point. 
5. The fact that electron recording may occur in the absence of water 
and/or grease vapour indicates that it does not depend solely upon these 
agencies. However, in their presence the production of organic polymers 
whose low vapour pressure& would effectively eliminate them from the 
reacting region, is entirely possible. On the other hand, if oxygen were 
present the resulting oxidation would probably result in the removal from 
the region of organic vapours in the form of C02• 
6. No evidence was secured as to the removal by the electrons of a 
residual film of grease in the manner indicated by some of the recent in-
vestigators. The occurrence of organic polymers as a result of exposure 
to moderate velocity electrons would tend to suggest that such cleaning 
would not take place unless oxygen is present. However, in the light of 
the considerable evidence gathered by other workers in this and the re-
lated field of "breath figures" it seems unwise to conclude that such clean-
ing might not take place. 
HIGH MOLECULAR WEIGHT FATTY ACID DERIV ATIVES1 
GROVER M. FORD 
From the Department of Chemistry, Iowa State College 
Accepted for publication June 28, 1937 
Although derivatives of the high molecular weight fatty acids are 
rather numerous, there are very few described in the literature which 
might be entirely satisfactory for identifying the acids from capric to 
stearic. Of the derivatives that have been described, there is considerable 
discrepancy in the me1ting points as reported by different observers. 
Progress in the identification of natural products and in the analysis of 
artificial mixtures depends largely on the possibility of preparing suit-
able crystalline derivatives of the substances being investigated. 
A series of derivatives for identifying lauric, myristic, palmitic, stearic 
and oleic acids has been prepared. The melting points of some of these 
derivatives are recorded in table 1. 
TABLE 1. Melting points of der•v atives of !auric, myristic, palmitic, stearic and oleic 
acids 
Derivatives Laurie I Myristic I Palmitic I Stearic I Oleic 
N-Acylcarbazole 78-79° 81-82° I 85-86° I 91-92° I oil 
N-Acy lphenothiazine 70° 75° I 80° I 86° IOfl 
N-Acyl-p-toluenesulfonamides 83-84° 89-90° I 93-94° I 98-99° I oil 
p-Phen ylphenacyl esters 86° 90° I 94° I 97° ~ 
p-Nitroanilides 78° 84° I 93° I 960 I 
........ 
N- Acy !saccharin 88-89° 90-91° 90° I 95° oil 
2,4-Dinitrophenylhydrazides 110-111° 118° 120-121° 123° IOil 
N-Acyl-2-nitro-p-toluidines 62-63° 73-74° 78-79° 85° I ........ 
p-Tolylmercuric salts 93-94° 95-96° 99° 102-103° 1 oil 
Phen ylmercu ric rnlts 82° 86° 93° I 95° I oil Triphenyllead salts 91° io2-103° I 110° I 112° ........ 
Monoureides 182° 178° I 175° I 174° 160° 
Monoth ioureides 138° 135° 135-136° 133° 113° 
p-Xenylamides 146° 143° 142° 143° ........ 
p-Diphenyl ketones 101-102° 102-103° I 103-104° 106-107° ........ 
2,8-Diacylcarbazole 176° I 169° I 162° I 163° ........ 
p-Acylaminobenzoic acids 227-228° 224-225° 226-227° 221° ........ 
Diacy lbenzidine 248° 241-242° 233° I 232° ........ 
The carbazole, phenothiazine and 2-nitro-p-toluidine derivatives, the 
p-toluenesulfonamides, p-nitroanilides and p-xenylamides were all pre-
pared by heating the acid chlorides with carbazole, phenothiazine, 2-nitro-
p-toluidine, p-toluenesulfonamide, p-nitroaniline and p-xenylamine, re-
spectively, from 100-160° without a solvent. Palmitoylcarbazole has been 
reported2 • The p-phenylphenacyl esters were prepared from p-phenyl-
phenacyl bromide and the sodium salt of the acids. These esters of lauric, 
1 Original thesis submitted March, 1937. Doctoral thesis number 418. 
2 Copisarow, J. Chem. Soc., 113, 816 (1918). 
[121] 
122 GROVER M. FORD 
stearic and oleic acids have been reported8 • The saccharin derivatives 
were prepared by refluxing the sodium salt of saccharin and the acid 
chlorides in dry chloroform. The 2,4-dinitrophenylhydrazides were pre-
pared by refluxing the base and the acid chlorides in dry benzene4 • The 
phenylmercuric and p-tolylmercuric salts were prepared by refluxing di-
phenylmercury and di-p-tolylmercury with the acids in xylene. 
The triphenyllead salts were prepared by refluxing tetraphenyllead 
and the acids in xylene. Tetraphenyltin under the same conditions gave 
no reaction. 
The monoureides and monothioureides were prepared by refluxing 
the acid chlorides with urea and thiourea in anhydrous pyridine. The 
monoureides of stearic and oleic acids have been reported5• The diphenyl 
ketones were prepared by the Friedel-Crafts reaction in dry carbon di-
sulfide. The 2,8-diacylcarbazole derivatives were prepared by means of 
the Friedel-Crafts reaction in dry nitrobenzene. The p-acylaminobenzoic 
acids were prepared by refluxing p-aminobenzoic acid and the acid chlor-
ides in anhydrous pyridine. The diacylbenzidine derivatives were pre-
pared by refluxing two equivalents of the acid chlorides with benzidine in 
dry pyridine. 
Distearoylthiourea (m.p. 100°) was prepared from ethyl stearate, 
sodium ethylate, thiourea and a few cubic centimeters of pyridine. N-Pal-
mitoylanthranilic acid (m.p. 100°) and N-stearoylanthranilic acid (m.p. 
113°) were prepared by refluxing for five hours a mixture of anthranilic 
acid and the acid chlorides in dry chloroform. 3-Palmitoylaminodibenzo-
furan (m.p. 130°) and 3-stearoylaminodibenzofuran (m.p. 134°) were pre-
pared by heating together equimolecular quantities of the acid chlorides 
and 3-aminodibenzofuran without a solvent. 
2-Stearoylcarbazole (m.p. 103-105°) was prepared by the Friedel-
Crafts reaction from stearoyl chloride and carbazole in dry nitrobenzene. 
2-Stearoylcarbazole when heated with stearoyl chloride gave N-stearoyl-2-
stearoylcarbazole (m.p. 87°). Hydrolysis of N-stearoyl-2-stearoylcarba-
zole yielded stearic acid and 2-stearoylcarbazole. 
Attempts to mercurate stearone and ethyl stearate resulted in fail-
ures. Mercuration of stearonitrile with mercuric acetate in glacial acetic 
acid gave stearamide in seventy per cent yields. Attempted reaction of 
stearone with metallic sodium resulted in a quantitative recovery of 
stearone. 
The ten best series of derivatives in this study may be listed in the 
following order of decreasing importance: (1) N-acylcarbazole deriva-
tives; (2) N-acyl-p-toluensulfonamides; (3) p-phenylphenacyl esters; 
(4) N-acylphenoth_iazine derivatives; (5) N-acyl-2-nitro-p-toluidine de-
rivatives; (6) N-acyl-saccharin derivatives; (7) 2,4-dinitrophenylhydra-
zides; (8) p-nitroanilides; (9) phenylmercuric salts; (10) p-xenylamides. 
No very definite conclusions can be drawn concerning melting points 
and chemical constitution. The N-acyl types of derivatives seem to be the 
most satisfactory, especially when the nitrogen is a part of a ring system. 
However, the p-phenylphenacyl esters are very satisfactory derivatives of 
lauric, myristic, palmitic, stearic and oleic acids. 
•Drake and Bronitsky, J. Am. Chem. Soc., 52, 3715 (1930). 
•Cerezo and Olay, Anales soc. espan. fis, quim., 32, 1090 (1934). 
• Stendel, Comp. rend., 196, 1810 (1933); (b) Jacobson, J. Am. Chem. Soc., 58, 1984 
(1936). 
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RAYMOND A. FRANZ 
From the Department of Chemistry, IOUXL State College 
Accepted for publication June 28, 1937 
The instability of compounds in the furan series has for many years 
been recognized as a serious factor in the successful investigation of this 
branch of organic chemistry. As a natural outgrowth of this phenomenon, 
the problem arose concerning the structures of certain decomposition 
resins. It was found by Hewlett2 that the reaction between 5-chloro- or 
5-bromo-2-furfural and phenylmagnesium bromide produced unstable 
compounds which were erroneously designated as carbinols. 'l;'hey were 
found to contain halogens and upon standing decomposed. Hydrogen 
chloride and hydrogen bromide were evolved respectively, and the same 
stable, halogen-free compound was produced in each case. This work was 
repeated by Wright8, who obtained identical results. In some unpublished 
work4 he later reduced the final halogen-free compound with hydriodic 
acid to phenyllevulinic acid, and also oxidized it to maleic anhydride and 
benzoic acid. On this basis the structure assigned was the lactone of 
gamma-hydroxy-delta-phenyl-alpha, gamma-pentadienoic acid, m.p. 85°; 
H H H 
I I I 
C6H5 - C = C - C = C - C = 0 I . 
0------' 
As a continuation of this work the author postulated an ether struc-
ture for this unstable intermediate and found that its molecular weight 
was approximately double that of the .carbinol. Furthermore, a Zerewiti-
noff analysis showed that no active hydrogen was present. In view of 
this latter fact, a number of analyses were made on various known car-
binols such as furfuryl alcohol, furylphenylcarbinol, and diphenylfuryl-
carbinol. Each of these showed approximately one active hydrogen. In 
order to prove the presence and position of the hydroxyl group in a com-
pound of this type, furylphenylcarbinol was oxidized and simultaneously 
nitrated, producing known 5-nitro-2-furylphenyl ketone. These facts led 
to the conclusion that the Grignard reagent had reacted normally with 
furfural and ethyl furoate and consequently should react normally with 
halogen-substituted furan analogues. 
Hewlett reported that the Grignard-complex from 5-chloro-2-furfural 
and phenylmagnesium bromide was hydrolyzed with acetic acid and then 
subjected to steam distillation until a slight darkening occurred. It was 
1 Original thesis submitted December, 1936. Doctoral thesis number 408. 
•A. P. Hewlett, Doctoral Thesis, "Furfural and Some of Its Derivatives," Library, 
Iowa State College, p. 83 (1930). 
• G. F. Wright, Doctoral Thesis, "Furfural and Some of Its Derivatives," Library, 
Iowa State College, p. 62 (1932). 
• G. F. Wright, Unpublished Work, Iowa State College, 1936. 
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found that when the Grignard-complex was hydrolyzed with ammonium 
chloride instead of acetic acid, no darkening was noticed upon prolonged 
steam distillation. If one drop of dilute acetic acid was added, however, 
an immediate discoloration developed and the unstable, intermediate, 
halogen-containing ether was obtained. This showed that a distinct chemi-
cal change had taken place because of the presence of acetic acid, hence 
the true carbinol had been overlooked. To further substantiate this con-
clusion, (5-chloro-2-furyl)phenylcarbinol was prepared in n-butyl ether 
solution and an aliquot sample was dried prior to a Zerewitinoff analysis 
which showed the presence of a carbinol. Since this carbinol was ex-
tremely unstable and could not be purified by the customary methods, the 
above unusual procedure for its analysis was justified. 
The major portion of the thesis deals with the attempted preparation 
of tertiary-halogeno-furyphenyl carbinols and their subsequent decom-
position products. The first compound of this type was prepared from 
ethyl 5-bromo-2-furoate and phenylmagnesium bromide. The carbinol 
was found to be extremely unstable, loosing hydrogen bromide with such 
ease that its decomposition sometimes became violent. Consequently, 
intermediates could not be found, and only a stable, halogen-free lactone, 
m.p. 111 °, was isolated. Its structure was designated as the lactone of 
gamma-hydroxy-delta,delta-diphenyl-alpha, gamma-pentadienoic acid; 
H H 
I I (CsHo) 2C = C - C = C - C = 0 d J 
The same compound was produced when ethyl 5-chloro-2-furoate was 
treated with the Grignard reagent. 
The structure of this lactone was proved by degradation methods in 
several ways. First. the reduction with hydriodic acid in a sealed tube 
produced deZta,deZta-diphenyllevulinic acid, m.p. 107°-108°. Secondly, 
hydrolysis with sodium carbonate, followed by reduction with zinc dust, 
again produced diphenyllevulinic acid. Since this acid was not described 
in the literature, its structure was proved both by synthesis and degrada-
tion. 
Chichibabin6 made deZta-phenyllevulinic acid by the catalytic scission 
of the furan ring in furylphenylcarbinol. Diphenylfurylcarbinol was 
treated in a similar manner and yielded diphenyllevulinic acid. Cleavage 
of diphenyllevulinic acid with alcoholic potassium hydroxide yielded di-
phenylmethane and succinic acid. 
The third step in the proof of structure for the lactone was the action 
of alcoholic potassium hydroxide, which produced diphenylmethane and 
fumaric acid. Lastly, it was found that dilute aqueous sodium hydroxide 
yielded asymm-diphenylacetone. All degradation products were identi-
fied by appropriate derivatives. 
A number of other mono- and dihalogen-substituted lactones were 
synthesized from the corresponding di- and trihalogenofuroic esters and 
the Grignard reagent. One of these produced from ethyl 4,5-dibromo-2-
furoate and phenylmagnesium bromide was found to contain a halogen 
• Chichibabin, Chimi and industrie, 11, 563 (1931), Congres de Chimie. 
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atom and was designated as the lactone of alpha-bromo-gamma-hydroxy-
delta,delta-diphenyl-alpha,gamma-pentadienoic acid, m.p. 158°; 
H Br 
I I (CaH5) ~c = c - c = c - c = o 
6----·J 
Upon reduction with hydriodic acid, diphenyllevulinic acid was obtained. 
Dilute sodium hydroxide produced in addition to asymm-diphenylacetone, 
oxalic acid and diphenylacetic acid. Since asymm-diphenylacetone could 
not possibly have been formed unless the bromine atom had been at-
tached to the alpha-carbon in the lactone, then the original furoic ester 
must have been 4,5-dibromo- and not 3,5-dibromo- as Hill6 reported. 
Further evidence for the 4,5- positions of the two bromine atoms in 
dibromofuroic acid was offered by first preparing what Hill called alpha-
anilido-crotonolactone from the above dibromo-acid. Besides this, there 
was prepared beta-anilido-crotonolactone from tetronic acid which was 
synthesized by two different methods reported in the literature7 • A mixed 
melting point of Hill's compound with the other beta-lactone proved their 
identities and also showed that Hill's material was a beta-derivative and 
not alpha-anilido-crotonolactone. 
Since (5-bromo-2-furyl) diphenylcarbinol was never isolated for more 
than a few seconds because of its extreme instability, the proof that it was 
a true carbinol was still lacking. Hence diphenylfurylcarbinol was bro-
minated and after decomposition was complete, a small amount of alpha,-
beta-dibromo-gamma-diphenylmethylene-crotonolactone, m.p. 211°; 
Br Br 
I I (C6H5)2C = C-C = C-C = 0 
I . J 0------
together with considerable quantities of the mono-bromo-lactone were 
isolated. Both of these lactones were also synthesized by the action of the 
Grignard reagent on the corresponding di- and tri-halogeno-furoic esters, 
the decomposition proceeding through the unstable carbinols. 
Hale and co-workers8 have reported that diphenylfurylcarbinol on 
standing for a short time gradually melted into a gummy, reddish-brown 
mass, but did nothing further with this material. It was found, however, 
that upon trituration with acetone, this resinous material yielded a white 
solid whose physical constants suggested a bis ( diphenylfurylmethyl) ether 
formula, m.p. 215° (dee). Its structure was established by the simul-
taneous hydrolysis and splitting of the furan ring to diphenyllevul.inic 
acid. Furthermore, this ether, when brominated, decomposed and yielded 
the same alpha-bromo-lactone as had been prepared by the action of 
phenylmagnesium bromide on ethyl 4,5-dibromo-2-furoate. This series 
•Hin and Sanger, Proc. Am. Acad. Arts Sci., 21, 159 (1885-1886). 
1 Wolff and Schwabe, Ann. 291, 231 (1896), Anschutz and Bertram, Ber., 36, 469 
(1903). 
•Hale, McNally and Pater, Am. Chem. J., 38, FR, (1906). 
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of reactions tends to justify an ether structure for the unstable halogen-
containing compound which Hewlett obtained. 
SUMMARY 
1. The reaction of 5-halogeno-2-furoic esters and 5-halogeno-2-fur-
fural with phenylmagnesium bromide has been found to be a normal one. 
2. The intermediate compound formed by the reaction of 5-halo-
geno-2-furfural with phenylmagnesium bromide has been found to be a 
bis (5-halogeno-2-furylphenylmethyl) ether. 
3. These halogenofurylcarbinols are exteremely unstable and lose 
halogen acids with ease, giving substituted crotonolactones. 
4. These lactones have been identified by degradation methods. 
5. Further proof has been given for the structure of Hill's dihalo-
genofuroic acids. 
6. Several mechanisms have been offered for the decomposition of 
5-halogeno-2-furylarylcarbinols. 
7. Those news compounds not mentioned above are as follows: 
(a) (5-Chloro-2-furyl) dimethylcarbinol, m.p. 42°. 
(b) alpha-Chloro-gamma-diphenylmethylene-crotonolactone, m. 
p . 127°; 
H Cl 
I I (C6H5)2C= C-C = C - C = 0 6 J 
( c) beta-Chloro-gamma-diphenylmethylene-crotonolactone, m.p. 
128.5°; 
Cl H 
I I (CoH5)2C = C - C = C - C = 0 6 J 
( d) alpha, ·beta-Dichloro-gamma-diphenylmethylene-crotonolac-
tone, m. p. 178°; 
Cl Cl 
I I · 
(CoH5)2C = C - C = C - C = 0 6 J . 
THE PHALAENIDAE OF MISSISSIPPI-MORPHOLOGY OF THE 
GENITALIA1 
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The object of the present study is to illustrate and describe the male 
genitalia of the Phalaendae (Noctuidae) of Mississippi in such a manner 
as to render their identification comparatively simple. At this time 108 
genera and 182 species have been recorded from the state. The species 
included here represent all the major groups of this large and widely 
distributed family and, thus, give a "bird's eye view" of the genital struc-
tures found in the entire family. 
The moths upon which the work is based were collected chiefly at 
light traps which have been operated at various places in the state for 
more than six years. Prior to the time that the author began collecting 
moths in Mississippi the late F. H. Benjamin did a great deal of collecting 
there. Thus it is t..liought that but few additional species remain to be 
collected except perhaps in the semi-tropical Gulf Coast area. 
The terminology employed for the various genital structures is that 
of McDunnough. This is the system that has been adopted by almost all 
modern lepidopterists. The order of arrangement follows the Barnes and 
McDunnough check list. 
In studying the genitalia of these moths it is often difficult to deter-
mine with certainty the homology of the parts in the different species. 
Specialization among the Phalaenidae has brought about not only modifi-
cation of the various parts but in many cases brought about complete loss 
of the entire structures. In some instances the process of modification 
seems to have affected the two sides of the genitalia differently so that 
asymmetry results. 
The work, of which this is an abstract, although dealing chiefly with 
the genital structures, is actually a monograph of the species found within 
the borders of Mississippi. For this reason all available data on hosts 
and collection records have been included. 
In this abstract only a short summary of the genital structures found 
in the various genera is given since space prohibits a consideration of all 
the species. 
DISCUSSION OF THE MALE GENITALIA OF THE GENERA 
Heliothis. Genitalia simple, generalized; claspers narrow, no arma-
ture except a corona. 
Rhodophora. Structure similar to Heliothis, except for a stronger 
sacculus and a well developed harpe. 
Lygranthoecia. Genitalia hardly distinguishable from those of Rho-
dophora. Apex of clasper slightly more obtuse, harpe slightly longer. 
Schinia. Similar to Rhodophora. 
---
1 Original thesis submitted July, 1936. Doctoral thesis number 391. 
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Feltia. More varied than in preceding genera. Claspers broad, mar-
gins sub-parallel; corona a straight row of spines; harpe long, slender, 
curving, uncus slender. 
Agrotis. Represented by two species. A. ypsilon Rott. appears very 
close to Feltia group while A. c-nigrum L. has a pollex, a short, obtuse 
harpe and is otherwise quite different. 
Epipsilia . Claspers drawn to an acute apex; harpe short, broad, ob-
tuse; uncus spatulate. 
Lycophotia. Clasper with apex rounded, more or less excavated on 
ventral margin before apex; harpe slender; uncus slender with apex up-
turned. 
Polia. Clasper broad, greatly excavated before apex on ventral mar-
gin; ampulla long, curved; harpe flap-like. 
Eriopyga. Clasper narrower in distal portion, apex rounded; harpe 
strong, well developed; uncus weak. 
N ephelodes. Clasper with apex broad, excurved, pollex present; 
harpe broad, apex obtuse; uncus broad, spatulate. 
Morrisonia. Clasper with apical margin straight; pollex claw-like, 
set on ventral angle; harpe slender, falcate; uncus slender. 
Orthosia. Clasper, broad, deeply excavated on ventral margin, be-
fore apex; pollex greatly produced, slender; harpe slender, falcate; sac-
culus well developed; uncus with apex diamond-shaped. 
Xanthopastes. Clasper broad, thick, apex rounded, left member bear-
ing a harpe; harpe broad, trigonate; uncus rounded, thickened. 
Cirphis. This genus exhibits a marked deviation from the typical 
Phalaenid type. Clasper with a distinct constriction near center; sacculus 
broad, expanded. 
Borolia. Similar to Cirphis. 
N eleucania. Clasper greatly excavated on ventral margin before 
apex, pollex short, claw-like; harpe short, slender; apex of succulus ex-
tended over base of harpe. 
Cucullia. Genitalia generalized, clasper with margins sub-parallel; 
harpe short, apex obtuse. 
Psaphida. Clasper broad, margins sub-parallel; harpe arising near 
ventral margin; uncus slender. 
Eutolype. Clasper moderately slender; harpe short, obtuse. 
Conistra. Clasper with a slender process from costal angle; harpe 
with apex clavate. 
Amphipyra. Clasper expanded in distal portion, apex rounded; arma-
ture absent. 
Dipterygia. Clasper with apex rounded, pollex present; harpe short, 
weak; uncus slightly clavate. 
Trachea. Clasper broad, armature weak or absent. 
Perigea. Clasper moderate, curving; harpe strong; uncus usually 
weak. 
Callopistria. Clasper reduced, apex slender; peniculus well devel-
oped, uncus stout. 
Acherdoa. Clasper without armature, apex narrower. 
Chytonix. Clasper gently incurved, peniculus, angulate, uncus ex-
panded. 
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Harrisimemna. Clasper short, broad; harpe excurved, stout. 
Polygrammate. Clasper slender distally; ampulla present; harpe 
strong, excurved. 
Leuconycta. Clasper ovate, broad; harpe long, weak; uncus weak. 
Acronycta. Sacculus well developed, apex usually produced into three 
processes of variable shape; uncus weak. 
Delta. Pollex present; sacculus well developed; clavus denticulate. 
Catabena. Sacculus with apex bifid, editum produced. 
Prodenia. Sacculus greatly developed, nearly as large as clasper; 
harpe arising in distal region. 
Laphygma. Similar to Prodenia. 
Caradrina. Clasper long and broad, a denticulate area before ventral 
angle. 
Gulgula. Sacculus produced beyond ventral angle, apical portion of 
clasper inturned, uncus short, stout. 
Crambodes. Clasper broad, ovate; harpe moderately developed, uncus 
weak. 
Platysenta. Clasper slender, curved, corona absent, uncus cygnate. 
Monodes. Clasper incurved, corona obsolescent; peniculus well de-
veloped; harpe variable. 
Apamea. Apical portion of clasper distinct, trigonate; peniculus and 
uncus weak. 
Achatodes. Apical portion of clasper rounded; harpe short, broad. 
Pyrrhia. Clasper slender, apex slightly larger; uncus weak. 
Papaipema. Pollex greatly produced, spinate; harpe stout, excurved. 
Ogdoconta. Clasper expanded apically, sacculus narrow, free. 
Cosmia. Clasper simple, without armature. 
Stiria. Clasper broad, apex rounded; harpe from ventral region. 
Stiriodes. Clasper ovate; harpe short, clavate. 
Plagiomimicus. Clasper gently tapering toward apex; sacculus mod-
erate. 
Amolita. Clasper with apex expanded and divided into two parts. 
Euthisanotia. Apex of clasper acute; sacculus with apex slender and 
free. 
Cydosia. Clasper constricted near center; harpe stout, excurved. Left 
clasper larger. 
Phobolosia. Clasper simple; harpe a rounded prominence. 
Amyna. Clasper with costal margin produced near base, armature 
obsolescent. 
Chamyris. Apex of clasper produced; apex of sacculus greatly pro-
duced, incurved. 
Lithacodia. Clasper gently incurved; harpe short, curved. 
Xanthoptera. Clasper narrower in apical portion, two trigonate pro-
cesses from disto-costal margin. 
Cryphia. Clasper weak, extreme apex slightly expanded; sacculus 
greatly developed, apex produced. 
Helicontia and Spragueia. Slightly asymmetrical. Costa! angle 
slightly produced; sacculus strong, apex sometimes free; uncus mandibu• 
late. 
Tarachidia and Tarache. Clasper simple; sacculus strong; harpe mod-
erate, incurved. 
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Marathyssa. Ventral angle greatly produced; costal angle slightly 
produced; armature obsolescent. 
Paectes. Clasper short, broad; sacculus strong; apex free; a stout, 
conical process from uncus base. 
Baileya. Clasper with a narrow costal process arising near base; harpe 
from ventral area. 
Catocala. Claspers mostly moderate; apex often produced; armature 
simple or complex; uncus manidbulate. 
Allotria. Slightly asymmetrical; clasper narrower in apical region; 
armature weak. 
Caenurgia. Costal angle bearing a process; other armature absent or 
greatly developed. 
Pelamia. Ampulla foot-like; harpe short, weak; sacculus strong. 
Phurys. Ampulla stout, excurved; uncus enlarged near center. 
Celiptera. Clasper slender; ampull stout, excurved. 
Argyrostrotis and Zale. Usually asymmetrical; armature complicated 
and greatly developed; clasper more or less reduced. 
Charadra. Clasper short, broad, a long costal process near base; 
uncus short, broad. 
Matigramma Asymmetrical; sacculus well developed; apex free in 
left member. 
Autographa and Plusia. Clasper moderately slender; armature vari-
able; uncus often considerably produced. 
Raphia. Harpe short, ovate; sacculus weak. 
Strenoloma. Apex of clasper expanded, costal margin thickened and 
produced; uncus short, tri-lobate. 
Melipotis. Clasper ovate; armature weak; uncus short, bearing a 
claw. 
Phoberia. Clasper narrow; harpe short, stout; uncus short, bearing 
a claw. 
Anticarsia . Clasper ovate; armature obsolescent. 
Litoprospus. Harpe arising near ventral margin, slender; sacculus 
weak. 
Panopoda. Clasper moderate, apex rounded, no armature, a scent 
pouch from outside surface, uncus cygnate. 
Bendis. Clasper narrower toward apex, sacculus strong; armature 
variable. 
Noropsis. Asymmetrical. Left clasper broader, bearing a pollex, 
other armature absent. 
Erebus. Clasper short, apex narrow, uncus cygnate. 
Epizeuxis, Scoleocampa, Tetenolita, Palthis. Clasper narrow, divided 
in apical region into several processes, sacculus usually strong, apex often 
free. 
Phiprospus. Clasper narrow, armature weak. 
Phalaenostola, Hormisa, Dercetis. Clasper narrow, apex with costal 
or ventral or both angles produced, other armature absent. 
Bomolocha. Clasper short, broad, armature obsolescent; uncus short, 
falcate. 
Metalestra. Editum greatly produced, spinate, apex of clasper slender. 
Plusiodonta. Clasper short, broad, a broad process from ventral 
angle; apical portion of sacculus thickly denticulate. 
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Rivula. Clasper ovate, armature obsolescent. 
Anomis. Similar to Rivula but bearing scent pouches. 
Pleonectyptera. Clasper ovate, armature weak; uncus moderately 
clavate. 
Phytometra. Apical portion of clasper slightly produced, armature 
weak; uncus falcate. 
Alabama and Salia. Clasper slender; without armature; sacculus 
strong; apex produced beyong costal margin. 
STUDIES OF CERTAIN PHASES OF THE BIOLOGY OF THE 
CIIlNCH BUG, BLISSUS LEUCOPTERUS (SAY), UNDER CONDI-
TIONS OF CONSTANT TEMPERATURE AND CONSTANT RELA-
TIVE HUMIDITY1 
M.J. JANES 
From the Department of Zoology and Entomology, Iowa State College 
Accepted for publication June 28, 1937 
The chinch bug, Blissus leucopterus (Say), is one of the most de-
structive insects to North American agriculture. A review of the literature 
shows that little detailed study has been made on certain phases of the 
biology of this insect. In the fall of 1933 studies were begun on the ovi-
position of the chinch bug. These were followed by experiments on 
starvation and drowning and later by experiments on the incubation of 
the egg. 
Studies were made of the oviposition and longevity of 34 pairs of 
overwintered chinch bugs, 34 pairs of first generation and 13 pairs of 
second generation chinch bugs. The experiments were conducted under 
conditions of controlled temperature and relative humidity. Temperatures 
employed were 24.5° C., 29.5° C. and 34.5° C. Relative humidity was 
maintained within the range of 70 per cent to 100 per cent. 
The insects were caged on young growing wheat shoots by means of 
test tubes, one male and one female in each cage. The eggs were laid in 
cotton batting around the base of the food plant. Egg counts were made 
regularly at 24-hour intervals. Each female was dissected at the time of 
her death and the eggs contained in the ovaries, visible with the aid of a 
binocular microcsope, were counted. The insects used in the experiments 
consisted entirely of material taken from the field. The overwintering 
adults were collected in favorable grassy hibernation quarters. First and 
second generation adults were obtained by selecting fifth instar nymphs 
from the field and then caging them in the laboratory until they reached 
the imaginal stage. 
In every case, with respect to the various generations, the highest 
total individual egg-production occurred at 29.5° C. This was also true 
for the average total production. The greatest number of eggs laid by a 
female in one day occurred in every case at 34.5° C. Longevity decreased 
with each successive increase in temperature. 
Overwintered females laid an average of 544 eggs. Although ovi-
position periods decreased with each successive increase in temperature, 
females at the higher temperatures laid a greater number of eggs per 
day. The average number laid by females at 24.5° C. was 532; at 29.5° C., 
598; and at 34.5° C. the average was 502. The highest individual produc-
tion was 1,091 eggs laid over a period of 72 days by a female kept at 29.5° 
C. The females contained but few eggs in their ovaries at the time of 
death. The preoviposition period following emergence from hibernation 
was low in most cases. The shortest period was 2 days and the longest 12 
'Original thesis submitted June, 1937. Doctoral thesis number 426. 
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days, occurring respectively at 34.5° C. and 29.5° C. The oviposition 
period varied from a minimum of 25 days at 34.5° C. to a maximum of 
110 days at 24.5° C. Postoviposition periods usually did not extend beyond 
1 or 2 days. Longevity of males exceeded that of females and in one case 
a male lived 138 days or over four months. 
First generation females laid an average of 495 eggs. The average at 
24.5° C. was 424, at 29.5° C. it was 548 and at 34.5° C. the average was 
490. The highest individual record was 686 and the lowest 247. Preovi-
position periods were slightly longer than those of the overwintered in-
sects. Oviposition periods averaged 64 days at 24.5° C., 47 days at 29.5° C. 
and 32 days at 34.5° C. Most of the females died shortly after egg-laying 
ceased. 
Egg-production by second generation chinch bugs was considerably 
reduced. The average total eggs per female was 352. One female kept at 
29.5° C. produced 594 eggs over a period of 56 days. The average total 
number of eggs laid by females at this temperature was 475. At 24.5° C. 
the average was 225 and at 34.5° C. it was 306. Oviposition periods of 
females ranged from a minimum of 21 days at 34.5° C. to a maximum of 
63 days at 24.5° C. Length of life varied from 12 days for a male at 
29.5° C. to 86 days for two males, respectively, at 29.5° C. and 24.5° C. 
At 29.5° C. the average longevity of the females was 62 days and of males, 
58 days. This was the only case encountered during the entire season in 
which the average life of the females exceeded that of the males. 
Studies on the incubation of the chinch bug were conducted during 
the summer of 1935. Various conditions of constant temperature and con-
stant relative humidity were employed. A total of 2,400 eggs was used, 
100 at each combination of temperature and relative humidity. The tem-
peratures employed were 19.5° C., 24.5° C., 29.5° C. and 34.5° C. The 
relative humidities were 20 per cent, 40 per cent, ·60 per cent, 80 per cent 
and 100 per cent. In addition one lot of eggs w;as incubated on wet blotting 
paper kept saturated with distilled water. Readings were taken at 4-hour 
intervals. 
Eggs hatched in approximately 30 days at 19.5° C., 15 days at 24.5° C., 
10 days at 29.5° C. and 7 days at 34.5° C. Temperature seemed not to af-
fect appreciably the percentage of hatch. In each case there was consid-
erable spread in the time of hatching of a given lot of eggs subjected to the 
same conditions. Relative humidity although apparently influencing the 
length of the incubation period to a slight extent had its greatest effect on 
the percentage of hatch. The most favorable humidity at the higher tem-
peratures was 80 per cent. Chinch bugs hatched after submergence in 
water for as long as 15 days. An increase in the incubation period occurred 
in fairly direct proportion to the period of submergence. 
Several thousand chinch bugs representing the various instars were 
studied during the summer of 1934 to determine the ability of the chinch 
bug to withstand starvation and submergence in water. The insects re-
mained alive and were able to resume normal activities after being de-
prived of food and water for periods varying from 8 hours to 13 days. 
High temperatures or low relative humidities were most destructive to 
the starving insects. Access to distilled water or to solutions of sucrose 
increased the longevity. Various combinations of constant temperature 
and humidity were maintained in this study. Chinch bugs were able to 
recover in some cases after submergence in water for as long at 48 hours. 
SOME APPLICATIONS OF THERMIONIC VACUUM TUBES IN 
PHYSICAL CHEMISTRY1 
MYRON TRUMAN KELLEY 
From the Department of Chemistry, Iowa State College 
Accepted for publication June 28, 1937 
The purpose of this work was to improve the vacuum tube measuring 
devices now used in physical chemical measurement by making them 
suitable for operation from alternating current power lines and by mak-
ing use of recently developed vacuum tubes. The work was limited to 
those instruments used in the measurement of galvanic potentials and 
the measurement of electrolytic conductance. It was the primary intent 
of the writer to develop simple devices suitable for use in the determina-
tion of end points of electrometric titrations, although some of the circuits 
are suitable for use as precision measuring devices. 
Probably the most important feature of the circuits described is the 
use of neon glow lamps to reduce the effect of line voltage variations upon 
the accuracy of the measurements. These lamps are particularly efficient 
in removing the effect of the semi-periodic fluctuations which occur on 
heavily loaded a-c lines. The regulation characteristics of these neon glow 
lamps were measured, and a mathematical analysis of the parameters of 
the regulating circuits was made to find the most favorable values. This 
condition was found when the current limiting resistor for the lamp had 
the maximum permissible value for the load being applied. 
Three circuits were developed for vacuum tube voltmeters to be used 
as continuous reading potential indicating devices in performing potentio-
metric titrations. The first is an a-c operated version of Goode's (1) simple 
vacuum tube voltmeter, the second a simplified bridge circuit similar to 
that of Garman and Rdoz (2) , and the third a cascade resistance-coupled 
circuit. The second and third circuits are most satisfactory because they 
show better stability with respect to line voltage variation. The third cir-
cuit is most satisfactory in general because of its greater sensitivity and 
its simplicity of operation. This circuit is also desirable in that it can be 
used to determine the end-points of titrations using the glass electrode, 
although it is not suitable for exact pH determinations. The scales of all 
these voltmeters are nearly linear with respect to applied voltage. The 
sensitivities of the instruments are: for the first, 0.65 milliamperes per 
volt; for the second, 0.4 milliamperes per volt; and for the third, 1.1 milli-
amperes per volt. 
Neon glow lamp voltage regulation was applied to the "sectrometer" 
of G. Frederick Smith (3) to eliminate "wandering" of the shadow and to 
simplify the circuit. Two circuits were developed, one having a sensitivity 
of 0.1 volt for 90° throw of the cathode ray shadow, and the other 0.3 
volt for the same movement. 
This regulation principle has been applied to the ballistic vacuum 
tube galvanometer circuit developed by Hemingway ( 4) so that it may be 
1 Original thesis submitted June, 1937. Doctoral thesis number 428. 
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operated entirely from the a-c line. When used with any standard poten-
tiometer set-up (properly shielded and grounded), this instrument can 
be used to determine potentials of high resistance electrodes (such as 
glass electrodes) with an accuracy of one millivolt. This accuracy can be 
increased by the addition of a carefully shielded resistance capacity 
coupled amplifying stage. 
For the measurement of electrolytic conductance two thermionic 
bridge balance indicators have been employed. The first of these makes 
use of an RCA type 6E5 cathode ray tube in a circuit similar to that of 
Breazeale (5). However, the method of balancing has been changed to 
make the operation of the instrument more satisfactory when used with 
low frequency a-c bridge current supplies. This improvement was accom-
plished by making the first tube act as a plate-rectifying detector rather 
than as an amplifier. This bridge balance indicator is almost a duplicate 
of the modified "sectometer" circuit previously described, and the instru-
ment can be used for both purposes by providing the proper switching 
arrangement. 
The second bridge balance indicator is actually a cathode ray oscillo-
scope using the recently developed RCA 913 cathode ray tube. This 
method of bridge balancing allows an analysis of the bridge output near 
the balance point into its resistance component and the inductance- capa-
city component, and thus allows one to judge whether the latter effect is 
sufficiently large to justify applying corrective measures. The sensitivities 
of the two circuits as described are about the same, that is, about 0.1 per 
cent at a resistance value of 100 ohms, or about 0.5 per cent at 50,000 ohms. 
These sensitivities are sufficient for many routine determinations of con-
ductivity in the physical chemistry laboratory. 
A direct reading conductance meter has been described for use in 
determining the end-points of conductometric titrations. The scale of the 
instrument is nearly linear, and its sensitivity can be changed over a 
wide range. The accuracy of the instrument depends largely upon the 
constancy of the a-c source which is available. When a fairly constant 
source can be obtained, the instrument is very satisfactory for determin-
ing the end-points of a large variety of conductometric titrations. 
The last part of the work deals with a-c sources for conductance 
measurement. An electron-coupled oscillator which has good wave form 
and a fairly high stability toward output load has been described. When 
designed to have the proper frequency, this oscillator is quite satisfactory 
for either auditory bridge balancing or for use with the visual cathode 
ray instruments which have been described. A method of stabilizing the 
output of this oscillator (using neon glow lamps) has been developed so 
that this device makes an excellent source for use with the direct reading 
conductance meter referred to above. 
A series of a-c operated vacuum tube instruments for use in the meas-
urement of galvanic potentials and electrolytic conductance have been 
developed and shown to be practical. These instruments are sturdy, com-
pact units which can be applied in making routine determinations or in 
carrying out electrometric titrations. The cost of such devices is quite 
low because of the mass production of the component parts for use in the 
radio industry. 
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It is possible that neon glow lamp voltage regulation, which has been 
applied extensively in this research, may be applicable to other vacuum 
tube measuring devices with a resultant improvement in the characteris-
tics of these instruments. 
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ADDITION OF ORGANOMETALLIC COMPOUNDS TO 
CONJUGATED SYSTEMS1 
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A study was made of the various factors influential in detennining 
the course of the reactions of organometallic compounds with compounds 
having conjugated systems. Generalizations, helpful in predicting the 
products of untried reactions, were formulated and the importance of the 
relative reactivity of the organometallic compounds was emphasized. 
A survey of the literature indicated that the groups in conjunction 
with the conjugated system play a definite part in determining the type of 
addition. The reactions of a-ethylenic ketones give saturated ketones 
(the 1,4-addition product) and 
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unsaturated carbinols (the 1,2-addition product). Four simple rules were 
found applicable to such reactions. First, the influence of R' upon the 
type of addition is similar to the effect of R' upon the rate of reaction of 
the common carbonyl reagents with the simple ketones, CH3COR' 2• Thus, 
the amount of 1,2-addition decreases as R' changes in the order: CH3, 
C2H5, (CH3) 3C, C6H 5, 2,4,6- (CH3) 3C6H2. When R' is a hydrogen atom, 
it has been found that, with the exceptions of the tert.-butyl and tert.-
amyl magnesium compounds, Grignard reagents give largely 1,2-addition3 • 
Second, a group or groups on the .B-carbon atom tend to decrease the 
amount of 1,4-addition, a phenyl group having greater influence than 
methyl and two groups having more effect than one. Third, if R' is an 
aromatic radical, the 1,2-directing influence of monosubstitution on the 
.B-carbon atom is completely overcome and 1,4-addition occurs. Fourth, 
substitution on the a-carbon atom appears to favor 1,4-addition4 • These 
rules also apply in a general way to the reactions of alicylic a-unsturated 
ketones. The reactions of a variety of compounds having conjugated sys-
tems composed of the elements, carbon, oxygen, nitrogen and sulfur, 
10riginal thesis submitted June, 1937. Doctoral thesis No. 429. 
'Kohler, Am. Chem. J., 38: 511 (1907). 
·s~vens, J. Am. Chem. Soc., 57: 1112 (1935). 
'Colonge, Bull. soc. chim., (5) 2: 754 (1935). 
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were summarized, but the application of the above-m~ntioned rules was 
limited by insufficient data. 
Temperature and solvent have been found to have little effect upon 
the amounts of 1,2- and 1,4-addition2• 
By comparing the reactions of a given congugated system and vari-
ous Grignard reagents, the tendency of these organometallic compounds 
to give 1,2-addition was found to increase in the order: tert.-alkyl, alkyl, 
aryl, methyl Exceptions to this series were pointed out. In a general way 
the series follows the order of reactivity of Grignard reagents found by 
Gilman and co-workers, the less reactive organometallic compounds fa-
voring 1,4-addition. 
The halogen atom, percentages of R2Mg and RMgX, and steric hin-
drance of Grignard reagents were found inadequate in explaining the 
reactions of conjugated systems. 
While many conjugated systems give the same type of addition with 
organometallic compounds having the same R-group and different metal-
lic components, two reactions have been reported in which a variation in 
the metal resulted in different products. Benzophenone-anil6 and chal-
cone6 gave 1,4-addition with phenylmagnesium bromide and 1,2-addition 
with phenyllithium. This thesis extends such reactions to include the 
phenyl derivatives of Zn, Al, Mn, Be, Ca, Na and K. The reactions were 
carried out in the conventional manner and the yields are given in paren-
thesis. 
Chalcone gave ,8,,8-diphenylpropriophenone with diphenylzinc (91 
per cent), triphenylaluminum (94 per cent), phenylmanganous iodide 
(77 per cent), and diphenylberyllium (90 per cent). Chalcone with 
phenyllithium and phenylsodium gave ,8,,8-diphenylpropiophenone (13 and 
3.5 per cent, respectively) and diphenylstyrylcarbinol (69 and 39 per cent, 
respectively. Chalcone gave diphenylstyrylcarbinol with phenylcalcium 
iodide ( 45 per cent) and phenylpotassium (52 per cent). 
4-Dimethylaminochalcone gave ,8- (p-dimethylaminophenyl)-,8-phe-
nylpropiophenone with diphenylberyllium (71 per cent) and phenylmag-
nesium bromide (52 per cent). Phenyllthium gave the same ketone (14 
per cent) and also p-dimethylaminostyryldiphenylcarbinol (76 per cent) 
(m.p 117°. This carbinol was isolated in a 64 per cent yield form the 
reaction of 4-dimethylaminochalcone and phenylcalcium iodide. 
The product of the reaction of 4-dimethylaminochalcone and phenyl-
magnesium bromide was originally reported as p-dimethylaminostyryldi-
phenylcarbinol (m.p. 100°) 7 • This reaction was reinvestigated and the 
substance melting at 100° was characterized as ,8-(p-dimethylamino-
phenyl)-,8-phenylpropiophenone. An analysis by the Zerewitinoff method 
failed to indicate an active hydrogen and the compound was synthesized 
from chalcone and p-dimethylaminophenylmagnesium iodide in a 71 per 
cent yield. Chalcone and p-dimethylaminophenyllithium gave the same 
ketone (12 per cent) and also p-dimethylaminophenylphenylstyrylcar-
binol (76 per cent) (m.p. 131°). 
The preparation of p-dimethylaminophenylcalcium iodide from p-iodo-
dimethylthylaniline and calcium was found unsatisfactory. 
•Gilman and co-workers, J. Am. Chem. Soc., 51: 2252 (1929); ibid., 55: 1265 (1933). 
"Kohler, Am. Chem. J., 31: 642 (1904; Llittringhaus, Ber., 67B: 1602 (1934). 
'MacLean and Widdows, J. Chem. Soc., 105: 2169 (1914). 
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Diphenylberyllium was prepared from beryllium chloride and phenyl-
lithium. The product of the reaction with chalcone, ,8,,8-diphenylpropio-
phenone, established that the phenylberyllium compound was in hand, 
for phenyllithium would have given largely diphenylstyrylcarbinol. Chal-
cone was likewise used as a reagent for the identification of p-dimethyl-
aminophenylmagnesium iodide (prepared from magnesium iodide and 
p-dimethylaminophenyllithium) and phenylmanganous iodide (prepared 
from manganous iodide and phenyllithium). 
Benzophenone-anil gave triphenylmethylaniline with phenylsodium 
(1.5 per cent) and phenylpotassium (73 per cent). 
These data divide the phenylmetallic compounds into groups, the de-
rivatives of Zn, Al, Mn, Be and Mg which gave 1,4-addition, the derivatives 
of Li and Na which gave largely 1,2-, but some 1,4-addition and the de-
rivatives of Ca and K which gave only 1,2-addition. Gilman and co-work-
ers have found that the relative reactivity of the organometallic com-
pounds which gave largely or exclusively 1,2-addition is definitely greater 
than that of the compounds which gave 1,4-addition, and it appears that in 
general high reactivity favors 1,2-addition. 
THE EFFECT OF CERTAIN STIMULANTS UPON THE GROWTH OF 
YEAST1 
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The first definite indication of the existence of a yeast growth stimu-
lant appeared when Wildiers (1901) reported that he was unable to grow 
yeast in a solution of sugar and salts without the addition of a small 
amount of wort, yeast water, or beef extract. The unknown substance, or 
substances, to which the name "bios" was given until its identity could 
be established, was organic in nature. Attempts to replace the material 
with compounds of known composition were unsuccessful. 
Progres.s in the isolation and identification of bios has been hindered 
by the lack of a standardized technique for the determination of stimu-
lative activity. The use of different strains of yeast, and different media, 
has led in many cases to contradictions in the published results. It has 
been generally accepted that bios is of multiple nature. Lucas (1924) 
separated the stimulant from malt sprouts into two fractions, Bios I and 
Bios II, which were inactive alone, but gave large crops when com-
bined. Bios I was identified as i-inositol by Eastcott (1928), and its com-
plementary action has been confirmed by several investigators. The ex-
tent of its activity has been questioned, however, by others who were un-
able to obtain similar results. Fractionation of the growth stimulant from 
various other sources has been accomplished. The stimulant produced 
during the growth of molds on synthetic media was studied by Schop-
meyer (1931), who was unable to obtain from it the Bios I and Bios II 
of Lucas. The purpose of this investigation was to compare the Bios II 
fractions obtained from molds and from malt sprouts, and to determine 
the effect of inositol and Bios II upon the growth of various strains of 
yeast in several media. 
The growth stimulant produced by AspergilLus niger from a synthetic 
medium was fractionated into Bios I and Bios II by the method of Lucas. 
The extract of malt sprouts was treated similarly. The Bios I fractions 
were discarded because the i-inositol was available. The Bios II fractions 
were purified, and their effects upon yeast growth, with and without inosi-
tol, were determind. The yeast employed was a strain of Saccharomyces 
cerevisiae which had been isolated from a cake of Fleischmann yeast. The 
medium contained ammonium chloride, dipotassium phosphate, and suc-
rose. Determination of growth was made after twenty-four hour incuba-
tion of the cultures at 30° C. 
The mold-produced stimulant was found to be similar to that ob-
tained from malt sprouts. In both cases, however, the Bios II fractions 
were highly stimulative in the absence of inositol. The addition of inosital 
had very little effect on the growth of the yeast. 
1 Original thesis submitted June, 1937. Doctoral thesis number 430. 
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The addition of magnesium sulfate to the medium was found to in-
crease considerably the activity of the Bios II, and some complementary 
action of inositol was observed in the higher concentrations of the salt. 
The same effect was obtained by the use of magnesium chloride or mag-
nesium nitrate only when the medium also contained a sulfate. The salts 
of calcium did not replace those of magnesium. 
The effect of inositol, magnesium sulfate, and Bios II upon the growth 
of twenty strains of Saccharomyces cerevisiae was then determined. It 
was shown that in no case was the growth markedly affected by the addi-
tion of inositol, magnesium sulfate, or a combintaion of the two. All of 
the strains gave greater growth in the presence of inositol and Bios II 
when magnesium sulfate was added. The strains differed in several other 
respects which permitted their division into the following four conven-
ient groups: 
Group I. Bios II alone does not give increased growth. 
Group II. Inositol does not give increased growth in the presence of 
Bios II when magnesium sulfate is absent. Six strains were placed in this 
group. 
Group III. Magnesium sulfate does not give increased growth in the 
presence of Bios II. For the six strains in the above group, the growth 
was actually decreased by the addition of magnesium sulfate in the ab-
sence of inositol. 
Group IV. This group includes those strains which show increased 
growth under the conditions given for Groups I, II, and III. The group 
includes five strains. 
The differences in growth of the various strains of yeast show some 
reasons for discrepancies in the published results of bios studies where 
different strains of yeast and different media have been employed. The 
yeast used by Schopmeyer belongs in group II. The mold-produced stimu-
lant was found to be different only because the strain of yeast shows no 
inositol effect in the medium then employed. 
A study was made of the effect of inositol upon the clumping of cells. 
It was found that inositol reduces the tendency of the cells to form clumps. 
The clumping of cells was most pronounced with the strains of Group III. 
Comparison was made of the growth of various strains of yeast in 
several synthetic media which have been used in bios studies. No single 
medium was found which gave the best results with all of the strains 
studied. 
The addition of inositol to strains of Group III in media containing 
Bios II and magnesium sulfate results in very marked stimulation. The 
properties of Bios I and Bios II as described by Lucas (1924) are con-
firmed by the use of strains of Group III. 
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Hydrogenation of both elements and compounds, practiced on the 
colossal scale that it is today, has evolved from the admirable investiga-
tions of Sabatier and his associates, whose studies on the catalytic activity 
of finely divided metals were first reported in 1897 and for which, with 
later investigations, he was awarded the Nobel prize in chemistry in 1912. 
Liquid phase hydrogenation of furfural has certain advantages over 
the gas phase. The by-products are fewer, especially when the proper 
conditions are utilized in the process, and when consideration is given to 
the sensitivness of furfural and furfuryl alcohol to long time contact with 
heat. This makes separations unnecessary or much easier. 
Copper-chromium oxide catalysts seem to be better for the produc-
tion of furfuryl alcohol and pentanediol-1,2 and 1,5 from furfural than 
the nickel catalysts (1, 2, 3). Nickel catalysts appear to produce tetra-
hydrofurfuryl alcohol from furfural more readily than the copper-chrom-
ium oxide catalysts ( 4, 5). The copper catalysts are also less subject to 
poisoning and do not need reactivation which is necessary with the plati-
num group catalysts. 
EXPERIMENTAL 
The rate of hydrogenation of furfural in the liquid phase was investi-
gated in a rocking type, copper lined, electrically heated autoclave of 
approximately 3 feet in length and an inside diameter of about 3 inches 
and having a capacity of nearly 3.85 liters. Eight and six-tenths grams of 
catalyst in the 250 ml. of furfural was used in each experiment except 
where otherwise indicated. Temperatures up to 237°C. were used with 
the following catalysts at the pressures mentioned: 
(A) Copper-chromium oxide catalyst prepared by precipitating 
copper, chromium, and barium from the nitrates with ammonium carbon-
ate and used at initial pressures of 200 to 1,800 pounds. 
(B) Copper-chromium oxide catalyst prepared by mixing Cr03 
solution and CuC03 powder, adding NH.iOH and drying the mixture. This 
was used alone (8.6 grams) and with 5 grams of CaO, Ca (OH) 2 <10 
grams), BaO, Ba (OH) 2 and Ba (OH) 2 · 8H20 at an initial pressure of 
1,400 pounds. 
(C) Cuprous oxide prepared by the use of dextrose on a solution of 
copper nitrate, and modifications of this by adding 0.089 moles of CaO, 
Ca (OH) 2, BaO, Ba (OH) 2, Ba (OH) 2 · 8H20, and MgO at initial pressure 
of 1,400 pounds. 
' Original thesis submitted August, 1936. Doctoral thesis number 400. 
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(D) Initial pressure of 1,400 pounds and: 
(1) Three different copper-chromium oxide catalysts prepared 
by precipitating copper, chromium ~nd barium from the nitrates 
with ammonium carbonate solution. 
(2) Calcium oxide (5 grams) mixed with copper-chromium 
oxide (8.6 grams) , prepared from Cr03 solution and CuC03 
powder, adding NH40H and drying the mixture. 
(3) Cuprous oxide (from dextrose) and Ca (OH)2 (coprecipi-
tated). 
(4) Calcium hydroxide (5 grams) mixed with copper-chrom-
ium oxide catalyst (8.6 grams) prepared by precipitating copper 
and chromium from a solution of copper sulfate and sodium di-
chromate, with ammonium hydroxide. 
(5) Cuprous oxide (from dextrose) (8.6 grams) and calcium 
oxide (5 grams) mixed. 
(E) Cuprous oxide (from dextrose) (8.6 grams) mixed with cal-
cium oxide (5 grams) at initial pressures of 400, 600, 1,000, 1,200, 1,400, 
and 1,900 pounds. 
(F) Copper-chromium oxide catalyst (Adkins 30 R.A.C.) (6) pre-
cipitated from the nitrates with ammonium carbonate compared to Cu20 
(from dextrose) (8.6 grams) and CaO (5 grams) at initial pressures of 
600, 1,400, and 1,900 pounds. 
(G) Cu2H 2, Cu (powder), CuO, Cu20 (Baker and Adamson), 
Cu20 (prepared by reduction with S02) • Cu-Ur oxide, Cr20 3 , NiO 
(green, Sargent and Co.) at 1,400 pounds initial pressure. 
The autoclave was allowed to heat up as rapidly as possible by using 
the 220 volt current until the temperature of the liquid reached 237°C. 
and then allowed to cool while the reaction continued. The time required 
for the liquid in the autoclave to reach 237°C. was about 100 minutes. The 
rate of reaction with hydrogen was followed by taking the temperature 
and pressure readings every five minutes during the heating and cooling 
period. The pressures were calculated to 0°C., and from these pressures 
at 0°C. the amount of hydrogen which reacted was calculated for each 
five minute interval during the hydrogenations. 
CONCLUSIONS 
1. For any one catalyst the temperature at which hydrogenation 
starts is independent of the initial pressure of hydrogen between 200 and 
1,800 pounds. 
2. The temperature at which hydrogenation starts is different for 
different catalysts when using the same pressures. 
3. Change of pressure has more effect on the rate of hydrogenation 
of furfural, in the presence of Cu-Cr oxide catalyst, at initial pressures 
of 200 to 600 pounds, than from 600 to 1,800 pounds. 
4. In the hydrogenation of furfural at an initial pressure of 1,400 
pounds, CaO, Ca (OH) 2, and Ba (OH) 2 increase the rate (in the order men-
tioned) of action of Cu-Cr oxide, but CaO decidedly more than the others. 
Ba (OH) 2 • 8H20 is much more detrimental to the catalytic action of 
Cu-Cr oxide than BaO. 
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5. In the hydrogenation of furfural at an initial pressure of 1,400 
pounds, CaO, Ba (OH) 2, Ca (OH) 2, and MgO increase the rate (in the 
order mentioned) of action of Cu20, but CaO decidedly more than the 
others. The total amount of hydrogen reacting is also increased. BaO is 
much more detrimental to the catalytic activity of Cu20 than Ba (OH) 2 . 
8H20. 
6. Change of pressure has more effect on the rate of hydrogenation 
of furfural in the presence of Cu20 with CaO catalyst, at initial pressures 
of 400 to 1,000 pounds than from 1,000 to 1,900 pounds. 
7. The only advantage of using more than 1,000 pounds of initial 
pressure in the hydrogenation of furfural to furfuryl alcohol is a slight 
increase in the rate of reaction. 
8. The greatest drop in pressure (calculated to 0°C.) during any 
five minute interval was 170 pounds and was produced by Cu20 with CaO 
catalyst at an initial pressure of 1,400 pounds. 
9. The greatest total amount of hydrogen to react (5.27 moles) was 
produced by Cu-Cr oxide catalyst (Adkins 30 R.A.C.) (6) when using 
1,900 pounds initial pressure. 
10. Copper oxide-calcium oxide catalyst caused 2.25 moles of hydro-
gen to react in the least number of minutes (12.5) when using an initial 
pressure of 1,900 pounds. 
11. The Cu20, CaO mixture is very similar to Cu-Cr oxide catalyst 
(Adkins 30 R.A.C.) (6) in its rate of action, and the Cu20, CaO catalyst 
is much easier and simpler to prepare. 
12. Cuprous oxide prepared by reduction with S02, and Cu20 
(Baker and Adamson) were found to be inactive for the hydrogenation 
of furfural but Cu20 prepared by the use of dextrose proved to have 
high activity. The method of preparing the Cu20 catalyst is very vital to 
its activity. 
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RELATIVE REACTIVITIES OF SOME ORGANOMETALLIC 
COMPOUNDS1 
JOSEPH F. NELSON 
From the Department of Chemistry, Iowa State College 
Accepted for publication June 28, 1937 
Hydrogen attached to oxygen, sulphur, selenium, tellurium, nitro-
gen, phosphorus, the triple-bond carbon in the acetylenes, and to certain 
other types of carbon atoms, such as the alpha carbon atoms in the furans, 
the fourth and sixth carbons in the dibenzofurans, and the methylene car-
bon in indene and similar compounds is known as active hydrogen. 
TschugaefP and ZerewitinofP have developed a method for the quanti-
tative estimation of active hydrogen attached to oxygen, sulphur, selenium, 
nitrogen, and the triple-bond carbon. The compound containing the ac-
tive hydrogen is treated with methylmagnesium iodide and the amount 
of active hydrogen present is calculated from the quantity of methane 
evolved. 
The present investigation deals with hydrogen attached to oxygen, 
sulphur, selenium, nitrogen, and the triple-bond carbon. Due to the varia-
tion in reactivity of such hydrogen atoms, it has been found possible to 
differentiate them by the use of various aliphatic organometallic com-
pounds. The apparatus used for the purpose is that devised by Zerewiti-
nofP. 
A twenty per cent by volume solution of triethylaluminum n-butyl-
etherate (boiling point 140-141° /15 mm., D 27 4 = 0.8182) in n-butyl ether 
reacts with alcohols, phenols, enols, oximes, carboxylic acids, and thiols; 
when heated at 100° for one hour. It likewise reacts with hydrogen at-
tached to nitrogen in the amines, the amides, the ketimines, etc. Reaction 
with some secondary amines is very slow; consequently, longer periods of 
heating are required. It fails to react or shows very little reaction with 
the acetylenes. Thus, this reagent will differentiate hydrogen attached to 
oxygen, sulphur, or nitrogen from that attached to the triple-bond carbon 
in the acetylenes. 
A twelve per cent by volume solution of diethylzinc inn-butyl ether 
reacts with all the above mentioned types of active hydrogen. Secondary 
amines show little or no reaction at the end of a ten-minute period at 100°, 
whereas primary amines show considerable reaction in this time interval. 
Consequently, the two classes may be differentiated with this reagent. 
A solution of diethylcadmium in n-butyl ether (15 to 17 grams per 
100 cc. of solution) reacts with hydrogen attached to oxygen, sulphur, and 
to nitrogen which is attached to a negative element or to a carbon atom 
that is attached to a negative element, when heated at 100° for twenty 
minutes. Thus, these types of active hydrogen may be differentiated from 
1 Original thesis submitted June, 1937. Doctoral thesis number 433. 
• Tschugaeff, Ber. 35, 3912 (1902) ; ibid., 42, 49 (1909). 
'Zeriwitinoff ,Ber., 40, 2023 (1907) ; ibid., 41, 2233 (1908) ; Z. anal. Chem., 59, 680 (1911). 
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hydrogen attached to nitrogen in the remaining amines and to carbon in 
the acetylenes. The reaction with phenylacetylene is slow. 
A twenty-five per cent by volume solution of tri-n-propylboron in 
xylene or n-butyl ether reacts with the carboxylic acids, the oximes, the 
amines, and the thiols, but not with the alcohols, the amines, the acety-
lenes, and apparently not with the selenols. Reaction appears to take 
place with most enols and the more highly negatively substituted phenols, 
but not with the simpler phenols. The reaction with the phenols and enols 
appears to be a function of their acidities. This differentiation depends 
on heating at 100° for 65 minutes. The evolved gas must be measured 
while the Zerewitinoff bulb is immersed in a water-bath at 100°, due to 
the solubility of propane in the solvents used. 
Tetraethyltin in n-butyl ether shows very little or no reaction with 
all of the above mentioned types of active hydrogen, when heated at 100° 
from one to three hours. Even selenophenol, which readily cleaves the 
organolead compounds, shows little or no reaction. Likewise, seleno-
phenol does not react wtih tetraethylsilicon. 
Diethylmercury in n-butyl ether does not react with the acetylenes, 
but it does with the selenols and the thiols. The aliphatic thiols react 
quite slowly, and the reaction is quite incomplete. 
Hydrogen attached to sulphu:r; and selenium may be differentiated 
from all other types of active hydrogen (strong carboxylic acids ex-
cepted) by the use of tetraethyllead or triethylbismuth4 , since these two 
organometallic compounds react only with the -SH and -SeH groups, and 
the very strong carboxylic acids. 
Unfortunately, the reaction between organometallic compounds of 
lesser reactivity than the Grignard reagent, and active hydrogen com-
pounds is not quantitative. Only about six- to eight-tenths of the active 
hydrogen is evolved as ethane or propane. These low results are no doubt 
in part due to the solubility of these gases in the solvents used. Hauro-
witzG in his studies with diethylzinc found similar low results. 
It is well-known that nitro, nitroso, and azo groups interfere with the 
Zerewitinoff determination6 • They, likewise, interfere in the reaction be-
tween most of the lesser reactive organometallic compounds and active 
hydrogen-containing compounds. The nitro group was observed to inter-
fere in the determinations with the aluminum, cadmium, zinc, boron, and 
lead compounds; the nitroso group with the boron compounds; and the 
azo group with aluminum, cadmium, boron, and zinc compounds. The 
nitro group does not interfere in the determinations with triethylbismuth; 
and the azo group does not interfere in the case of either triethylbismuth 
or tetraethyllead. Active hydrogen determinations do not appear to be 
affected by steric hindrance. 
The amount of active hydrogen has been found to vary with the 
choice of solvent. Pyridine may not be used as a solvent in the procedure 
outlined herein for the differentiation of active hydrogen. 
From the standpoint of the organometallic compounds used, the re-
sults may be interpreted so as to arrange these compounds in the order of 
•Gilman and Nelson, J. Am. Chem. Soc., 59, 935 (1937). 
• Haurowitz, Mikrochemie, 6, 88 (1929). 
•Gilman and co-workers, J. Am. Chem. Soc., 49, 2815 (1927) ; ibid., 50, 867 (1928); 
ibid, 52, 405 (1930); Bull. soc. chim., 4 45, 1132 (1929). 
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their reactivity toward active hydrogen. Diethylzinc reacts with all the 
active hydrogen types investigated; triethylaluminum fails to react with 
the acetylenes and most amines; and tri-n-propylboron fails to react in 
addition to these with many compounds containing the -OH group. Tetra-
atheyllead reacts only with the -SH and -SeH groups and a few of the 
strong carboxylic acids; diethylmercury shows less reactions with the 
-SH group and according to the results obtained by Catlin7 the bismuth 
compounds are still less reactive. As mentioned before, tetraethyltin 
shows little or no reaction with the active hydrogen types investigated, 
and tetraethylsilicon is still less reactive. 
Thus, the order of reactivity toward active hydrogen is 
Inclusion of published results of active hydrogen reactions with the 
more reactive organometallic compounds extends the series to 
K > Na > Li > Ca > Mg >? Zn > Al > Cd > B > Pb > Hg > 
Bi> Sn> Si 
The reaction of the lead, mercury, and bismuth compounds with the 
-SH and -SeH groups in anomalous, and of the following order: 
Bi> Pb> Hg. 
' Catlin, "Some Physico-Chemical Studies of Organometallic and Furan Com-
pounds," Thesis, Library, Iowa State College, 1934, p. 67. 
ANALGESICS FROM DIBENZOFURANS1 
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Contained within the chemical structure of morphine are the skeletal 
structures of phenanthrene and dibenzofuran. Recent studies have 
shown that many of the simpler phenanthrene derivatives possess signifi-
cant analgesic activity. Also, a comparison of the analgesic action of a 
number of representative compounds of phenanthrene and dibenzofuran 
has indicated2 that the derivatives of dibenzofuran are equally as effective 
as the corresponding derivatives of phenanthrene in this respect. 
In connection with the studies which are being carried on in this 
laboratory on the chemistry and orientation of dibenzofuran, a series of 
derivatives has been synthesized and examined for analgesic activity. 
The purpose of the work reported in this thesis has been to extend and 
amplify this series of dibenzofuran compounds with the specific intent of 
preparing compounds holding promise of being analgesically active. 
By heating 2-acetyldibenzofuran with ammonium formate a small 
yielq of 2-a-aminoethyldibenzofuran hydrochloride (m. 222-223°) was 
obtained. Methyl-2-dibenzofurylcarbinol8 was prepared from 2-dibenzo-
furylmagnesium bromide and acetaldehyde. The carbinol was converted 
to the bromide and treated with diethylamine to obtain the 2-a-diethyl-
aminoethyldibenzofuran. This compound was an oil which, because of the 
extreme hygroscopicity of its salts, was characterized as the picrate (m. 
173-174°). 
Carbonation of the Grignard reagent from 1-bromo-4-methoxydi-
benzofuran yielded 4-methoxy-1-dibenzofurancarboxylic acid (m. 279-
2800). The same Grignard reagent and ethylene oxide furnished 1-/3-
hydroxyethyl-4-methoxydibenzofuran (m. 96-96.5°), which was con-
verted to the bromide and treated with diethylamine. The l-{3-diethyl-
aminoethyl-4-methoxydibenzofuran thus obtained was an oil and was 
isolated and purified as the hydrochloride (m. 187°; decompn.). 
Treatment of 2-nitro-3-acetaminodibenzofuran with stannous chlo-
ride and hydrochloric acid in hot acetic acid solution gave 2-methyl-1-
benzofuro-[2,3-f]-benzimidazole (m. 270°). The hydrochloride does not 
melt up to 335°. 
The acetylation of 4- methoxydibenzofuran gave 1-acetyl-4-methoxy-
dibenzofuran (m. 134-134.5°). The oxime melted at 176-177.5°. The posi-
tion of the acetyl group was established by oxidation to the corresponding 
acid which was identical with the 4-methoxy-1-dibenzofurancarboxylic 
acid obtained from 1-bromo-4-methoxydibenzofuran. A. Beckmann rear-
rangement of the oxime yielded 1-acetamino-4-methoxydibenzofuran (m. 
222-223°), the nitration of which gave 1-acetamino-2-nitro-4-methoxydi-
1 Original thesis submitted June, 1937. Doctoral thesis number 434. 
•Eddy, J. Pharmacol., 58, 159 (1936). 
'Mosettig and Robinson, J. Am. Chem. Soc., 57, 2186 (1935). 
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benzofuran (m. 244°). The position of the nitro group in this compound 
was shown by converting it to 2-methyl-5-methoxy-l-benzofuro-[3,2-e]-
benzimidazole (m. 222-222.5°; hydrochloride, m. 306-307°; decompn.) by 
means of a stannous chloride and hydrochloric acid reduction in hot acetic 
acid solution. Hydrolysis of the 1-acetamino-2-nitro-4-methoxydibenzo-
furan gave the 1-amino-2-nitro-4-methoxydibenzofuran (m. 206-207°) 
which was diazotized and boiled with dilute alcohol to obtain the 2-nitro-
4-methoxydibenzofuran (m. 185-186°). Catalytic reduction of this com-
pound gave 2-amino-4-methoxydibenzofuran (m. 127-127.5°). 
Nitrourea and 3-aminodibenzofuran in alcohol solution yielded 3-
dibenzofurylurea, which melted at 222-223° on a nickel block with im-
mediate resolidification. The compound is relatively insoluble in the 
usual organic solvents. The condensation of 2-acetyldibenzofuran with 
trioxymethylene and dimethylamine hydrochloride yielded 2-,B-dimethyl-
aminopropionyldibenzofuran (m. 88-89°; hydrocloride, m. 195-196°). 
From the reaction between 4-dibenzofuryl-lithium and isoquinoline by the 
method of Ziegler and Zeiser4 was obtained 1- ( 4-dibenzofuryl)-isoquino-
line (m. 137-138°). The hydrochloride of this compound was not stable 
in aqueous solution. 
The thiocyanogenation of 3-aminodibenzofuran by the method of 
Kaufmann and Oehring5 gave a thiocyanate melting at 175° with immedi-
ate resolidification. This compound was considered to be 3-amino-2-diben-
zofurylthicyanate, since thiocyanogenation is analogous to halogenation, 
which has been shown to take place in the 2-positions in this case.6 Treat-
ment with alcoholic hydrochloric acid rearranged this derivative to 2-
amino benzofuro-[2,3-£]-benzothiazole (m. 268-269°). The hydrochloride 
decomposes above 300°. 
A Friedel-Crafts reaction of succinic anhydride with dibenzofuran 
yielded the previously reported ,B-2-dibenzofuroylpropionic acid6 • By a 
Clemmensen reduction of this compound was obtained y-2-dibenzofuryl-
butyric acid7 • Cyclization of this acid was accomplished with 88 per 
cent sulfuric acid, the product being a derivative of either ,B- or y-brazan, 
1-keto-1,2,3,4-tetrahydro-,B (or y )-brazan (m. 137°). The oxime melted 
at 212-213°. Reduction of the oxime with sodium amalgam gave 1-amino-
1,2,3,4-tetrahydro-,B (or y )-brazan which was isolated as the hydrochloride 
(m.266-267°). Condensation of the keto-tetrahydrobrazan with trioxy-
methylene and dimethylamine hydrochloride yielded 1-keto-2-dimethyl-
aminoethyl-1,2,3,4-tetra-hydro-,B (or y )-brazan hydrochloride (m. 185-
1860). 
Mr. J. C. Bailie has shown in unpublished work that 3-nitrodibenzo-
furan can be successfully acetylated in a Friedel-Crafts reaction to give 
2-acetyl-7-ntirodibenzofuran (m. 212-213°). From the catalytic reduc-
tion of this compound was obtained 2-acetyl-7-aminodibenzofuran (m. 
158-159°) which was acetylated to the 2-acetyl-7-acetaminodibenzofuran 
(m. 203°). The oxime of this compound also melted at 203°, but a mixed 
melting point was strongly depressed. Nitration of the 2-acetyl-7-acetam-
inodibenzofuran gave 2-acetyl-7-acetamino-8-nitrodibenzofuran (m. 270-
• Ziegler and Zeiser, Ann., 485, 174 (1931). 
•Kaufmann and Oehring, Ber., 59, 187 (1926). 
•Gilman, Brown, Bywater and Kirkpatrick, J. Am. Chem. Soc., 56, 2473 (1934). 
'Mayer and Krieger, Ber., 55, 1659 (1922). 
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271°), which was converted to 2-methyl-8-acetyl-1-benzofuro-[2, 3-f]-
benzimidazole (m. 298°) by catalytically reducing the nitro group and 
refluxing the product with glacial acetic acid. The hydrochloride decom-
poses at approximately 325°. 
Diazomethyl 4-dibenzofuryl ketone, prepared from 4-dibenzofuran-
carboxylic acid chloride and diazomethane, was rearranged to 4-dibenzo-
furylacetamide (m. 211-212°) by the general method of Arndt and Eistert8 • 
Hydrolysis of the amide yielded 4-dibenzofurylacetic acid (m. 213.5-
214.50) . The 4-dibenzofurylacetyl chloride, obtained by treating the acid 
with thionyl chloride, was reacted with 3,4-dimethoxy-a-(dibenzofuryl-
acetamino)-acetophenone (m. 186-187°). Similarly, from the reaction 
between 4-dibenzofurancarboxylic acid chloride and 3,4-dimethoxy-a-
aminoacetophenone there was obtained 3,4-dimethoxy-a-(dibenzofuroyl-
amino-acetophenone (m. 178-179°). 
The nitration of 1-bromo-4-methoxydibenzofuran gave a mononitro 
derivative (m. 160-161°), which was shown to be 1-bromo-3-nitro-4-
methoxydibenzofuran by a catalytic reduction and dehalogenation to the 
known as 3-amino-4-methoxydibenzofuran (m. 75-76°) 9• The 1-bromo-3-
amino-4-methoxydibenzofuran (m. 135-136°) was obtained by reduction 
of the nitro compound with stannous chloride and hydrochloric acid. 
Acetylation gave the 1-bromo-3-acetamino-4-methozydibenzofuran melt-
ing at 178-179°. 
•Arndt and Eistert, Ber., 68, 200 (1935) . 
•Unpublished work by Mr. A. L. Jacoby. 
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The iron humate contained in the alkaline extract of soils was studied 
in order to find its influence upon the growth of Lemna major at different 
reactions, and to determine the effect of the humus substances upon the 
availability of iron for plant growth at these reactions. The optimum 
phosphate-calcium ratio in nutrient solutions was investigated for the 
growth of Lemna major in a wide range of hydrogen ion concentration, 
and Olsen's (6) correlation of this ratio with chlorosis was examined for 
plants grown under sterile conditions. 
INFLUENCE OF IRON HUMATES ON GROWTH AND CHLOROSIS OF LEMNA 
Olsen (6) reported that the addition of humus extracts of soil to 
nutrient solutions with neutral or alkaline reactions showed the same 
influence in the prevention of chlorosis and stimulation of growth of 
Lemna major that was observed when ferric citrate was used as the source 
of iron; this stimulation was attributed to the property of the organic 
matter to make iron available for assimilation by the plant in neutral or 
alkaline reactions. Similarly, Burk et al (1) reported that the stimulation 
of growth of azotobacter by humic acids was due to the iron content of 
the humic acids employed. In order to examine these influences on the 
green plant under sterile conditions, the reproduction rate of Lemna was 
determined for varying quantities of humus and iron. 
Alkaline humus extract-the iron humate-was prepared by extract-
ing a peat soil with a potassium hydroxide solution. The "iron humate" 
was purified by precipitating with hydrochloric acid and redissolving the 
resulting precipitate in potassium hydroxide. The iron content of this 
solution was determined colorimetrically (5) and the quantity of humus 
in each cc. of the solution was found by drying a measured quantity at 
110°C. 
Lemna, free from micro-organisms, were grown at different reactions 
in Clark's ( 4) sterile solution to which had been added various quantities 
of iron humate and ferric chloride to give different total iron: iron-humate 
ratios. The plants were grown for five weeks in these solµtions under 
controlled environmental conditions-25°C. and 14% hours exposure 
daily to mazda illumination of 200 foot-candles intensity-an~ were trans-
ferred to freshly prepared solutions twice weekly (3). The growth rate 
of each culture was determined graphically by the method reported by 
Clark (2). 
In all cases the rates of growth of Lemna at pH 4.5-5.0 were depressed 
by adding iron humate to the nutrient solution. In nutrient solutions con-
'Original thesis submitted Dece.mber. 1936. Doctoral thesis number 413. 
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taining 0.01 millimols of iron per liter and having iron-iron humate ratios 
of 0.001, 0.002, and 0.005, the rate of growth increased progressively as the 
pH increased from 4.5 to 7.0, and then decreased as the reaction of the 
solution became more alkaline; at pH 7.0 the growth rate in every case 
was much greater than for Lemna in inorganic media with the optimum 
pH of 4.5-5.0. All plants were normally green with these ratios at acid 
and neutral reactions, but showed slight chlorosis in the alkaline solu-
tions; chlorosis became more pronounced in the alkaline reactions as the 
iron-iron humate ratio was increased. In cultures containing one fifth the 
quantity of iron (0.002 millimols per liter) with an iron-iron humate ratio 
of 0.001, optimum growth was obtained at pH 6.0; at the same concentra-
tion growth decreased and chlorosis increased as the reaction became 
more alkaline. When the iron was increased to 0.02 millimols per liter 
and the organic matter was added to give an iron-iron humate ratio of 
0.001 the growth rates at pH 6.0, 7.0, and 8.0 were practically identical, al-
though slight chlorosis developed at pH 8.0. Nutrient solutions which 
contained ferric chloride or ferric citrate in concentrations to give 0.01 
millimols of iron per liter produced optimum growth response at pH 
4.5-5.0; growth decreased and chlorosis increased as the reaction became 
more alkaline than pH 5.0. 
It was shown in these experiments that under sterile conditions or-
ganic matter-the iron humate-was effective in preventing chlorosis and 
stimulating growth of Lemna in cultures of Clark's solution at pH 7.0, 
and that chlorosis soon developed in cultures containing no organic matter 
when the reaction was above pH 5.0. The same observation was made by 
Olsen (6) with Lemna in modified Knop's solution, but he also reported 
that, with a reaction of pH 8.0, the plants were again normally green and 
gave good growth in solutions containing no organic matter; maximum 
chlorosis and minimum growth appeared at pH 6.0-7.0. By reducing the 
phosphate-calcium ratio of the Knop's solution to one fifth the usual fig-
ure, Olsen was able to grow maize plants for 18 days without chlorosis 
developing at pH 6.0-7.0; maximum growth was obtained at pH 7.0. An 
attempt was therefore made to establish the phosphate-calcium ratio most 
suitable for the growth of Lemma at pH ·6.0-7.0 in a number of sterile 
solutions. 
INFLUENCE OF PHOSPHATE-CALCIUM RATIO ON THE GROWTH AND 
CHLOROSIS OF LEMNA 
Lemna, free from micro-organisms, were grown at pH 4.0, 5.0, 6.0, 
and 7.0 in Knop's solution (identical with the solutions used by Olsen but 
sterilized) containing 2.54 millimols of calcium and quantities of phos-
phate varying from 1.10 to 0.055 millimols; the phosphate-calcium ratios 
varied from 0.432 (Olsen"s high ratio) to 0.022 (one quarter of Olsen"s 
low ratio). These cultures were carried on for a period of five weeks 
under controlled environmental conditions and the plants were trans-
ferred to freshly prepared solutions twice weekly. In all cases the plants 
developed normally at pH 4.0 and 5.0, but became cholorotic and gave 
poor growth at pH 6.0 and 7.0, regardless of the phosphate-calcium ratio: 
chlorosis developed more slowly in the cultures of low phosphate-calcium 
ratios. 
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Sterile Lemna were then grown in a series of Clark's solutions which 
had been modified to give a calcium concentration of 0.40 millimols per 
liter, and phosphate-calcium ratios varying from 0.40 to 0.0008. The initial 
reactions of the solutions were adjusted to pH 7.0 and the plants were 
transferred twice weekly to freshly prepared solutions for a period of five 
weeks. At the time of transfer the pH of each exhausted solution was de-
termined by the glass electrode. All the plants in this series developed 
chlorosis when the pH of the exhausted solutions remained above 5.4, but 
were normally green when the pH fell below 5.4 (phosphate-calcium 
ratios of 0.064 to 0.0008). By renewing the solution daily the pH's of the 
solution were r etained at values above 6.0 and chlorosis developed in all 
cultures regardless of the phosphate-calcium ratio of the solution. 
In these sterile cultures with strictly inorganic media and under 
electric light, the pH controlled the chlorosis, and no phosphate-calcium 
ratio variations succeeded in producing normal plants in alkaline solutions. 
Similar results were obtained with Lemna placed in non-sterile solu· 
tions. Plants were grown for 17 days in Clark's and Knop's solutions with 
the phosphate-calcium ratios from 0.40 to 0.08 at pH 4.8, 6.0, 7.0, and 8.01 
transferred daily to fresh solutions. In all cases the plants became chlor· 
otic at pH 7.4 and 8.0, and also at pH 6.0 unless the pH fell below 5.5 be-
fore the end of the day. No solution was found, either in Knop's or 
Clark's media with any variation of the phosphate-calcium ratio, under 
sterile or non-sterile conditions, which would grow Lemna free from 
chlorosis at neutral or alkaline reactions, without the addition of organic 
matter. 
CONCLUSIONS 
1. Iron humate was effective in the prevention of chlorisis of 
Lemna in neutral reactions, but not completely in alkaline reactions. 
2. Iron humate depressed the growth of Lemna at pH values of 4.5 
to 5.0. 
3. The effectiveness of iron humate in promoting growth and pre-
venting chlorosis of Lemna at neutral reactions was attributed to its 
power to make iron available for assimilation by the plant. 
4. Maximum stimulaion of growth was obtained when the iron-iron 
humate ratios were within the limits of 0.001 and 0.005 and the concen-
tration of iron was 0.01 millimols per liter. 
5. Nutrient solutions, containing ferric chloride but no organic mat-
ter, caused chlorosis of Lemna at reactions more alkaline than pH 6.0, 
irrespective of the phosphate-calcium ratio and the presence or absence 
of micro-organisms. 
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I. BENZOFURAN 
The presence of a partially reduced benzofuran nucleus in the ac-
cepted structure of morphine suggested a study of the physiological 
properties of benzofuran and benzofuran derivatives in a manner similar 
to that carried out, for the same reason, on phenanthrene and dibenzo-
furan. A survey of the literature of benzofuran revealed that very little 
is definitely known of the nuclear orientation of benzofuran, or of benzo-
furan derivatives, though a considerable number of reliable ring closure 
syntheses are available for the preparation of benzofuran and benzofuran 
derivatives. This situation made necessary an investigation of the posi-
tions assumed by nuclear substituents of benzofuran and of its derivatives. 
Bromine and chlorine add readily to the 2,3-linkage of benzofuran2•8 • 
The treatment of the dibromide with alcoholic potassium hydroxide yields 
3-bromobenzofuran and distillation of the dibromide at atmospheric pres-
sure yields 2-bromobenzofuran2• Benzofuran nitrates in the 2- position2• 
EXPERlMENTAL 
Benzofuran-2-carboxylic acid is best prepared by the addition of bro-
mine to coumarin in carbon disulfide and treatment of the resulting 
3,4-coumarin dibromide with aqueous sodium hydroxide solution. An 
intimate mixture of benzofuran-2-carboxylic acid, calcium oxide, and 
copper-bronze readily decarboxylates upon heating to give good yields 
of benzofuran. 
The reduction of benzofuran with hydrogen and noble metal catalysts 
at moderate temperatures and low pressures gave 2,3-dihydrobenzofuran. 
It was shown to be identical with authentic 2,3-dihydrobenzofuran4 by 
comparison of the picrates, m.p. 76°-77°. The high temperature-high 
pressure reduction of benzofuran with hydrogen and Raney nickel catalyst 
yielded perhydrobenzofuran, b.p. 17ID-172°, n250 1.4635. 
Attempts to prepare 2-amino- and 3-aminobenzofuran, and benzo-
furan-2- and -3-carboxylic acid from 2- and 3-bromobenzofuran failed. 
The iodination of benzofuran was also not successful. 
The metalation of benzofuran with n-butyl-lithium oriented the en-
tering group to the 2- position. This was shown by carbonating the benzo-
furyl-2-lithium to the known benzofuran-2-carboxylic acid. Acetylation 
1 Original thesis submitted August, 1936. Doctoral thesis number 407. 
•Stoermer and Kahlert, Ber., 35, 1633 (1902) . 
'Stoermer, Ann., 312, 237 (1900). 
•Alexander, Ber., 25, 2409 (1892). 
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of benzofuran with acetic anhydride and stannic chloride yields 2-acetyl-
benzofuran. The same compound was prepared by the action of chloro-
acetone upon sodium salicylaldehyde5 , and additional proof of structure 
obtained by oxidation to the known benzofuran-2-carboxylic acid. 
Attempts to sulfonate benzofuran were not successful, but benzo-
furan-2-sulfonic acid was prepared by treating benzofuryl-2-lithium with 
sulfur dioxide and oxidizing the resulting benzofuran-2-sulfinic acid with 
hydrogen peroxide to the sulfonic acid. The p-toluidide was prepared as 
a derivative, m.p. 188°-189°. 
Attempted mercuration of benzofuran with mercuric acetate resulted 
in an oxidation of the nucleus. Picric acid also appeared to oxidize benzo-
furan under certain conditions. 
The bromination of benzofuran-2-carboxylic acid failed, but ethyl 
benzofuran-2-carboxylate readily brominated in the 5- position. The 
5-bromobenzofuran-2-carboxylic acid prepared by the hydrolysis of the 
bromination product was compared with authentic 5-bromobenzofuran-
2-carboxylic acid prepared by the action of aqueous potassium hydroxide 
upon 3,6-dibromocoumarin6 , and by the reaction between sodium 5-bro-
mosalicylaldehyde and ethyl bromoacetate. Nitration of ethyl benzofuran-
2-carboxylate also oriented the entering group in the 5- position. This 
was shown by the oxidation of the product to 5-nitrosalicylic acid, and 
also by comparison with the 5-nitrobenzofuran-2-carboxylic acid of Dey 
and Row7 • Acetylation with acetyl chloride and aluminum chloride also 
yielded a 5- substituted derivative of ethyl benzofuran-2-carboxylate. 
The identiy of the ethyl 5-acetylbenzofuran-2-carboxylate, m.p. 112.5°-
114.50, was established by oxidation to 4-hydroxyisophthalic acid. Mer-
curation of ethyl benzofuran-2-carboxylate failed. 
2-Acetaminophenylallyl ether, m.p. 51°-52°, and 2-acetamino-6-allyl-
phenol, m.p. 115°, were prepared as intermediates for the synthesis of 
2-methyl-7-acetamino-2,3-dihydro benzofuran. 
II. DIBENZOFURAN 
EXPERIMENTAL 
The sulfonation of o-biphenol with fuming sulphuric acid by Zehenter8 
yielded a dibenzofuransulfonic acid. A comparison of the p-toluidide of 
this product and the p-toluidide of authentic dibenzofuran-2-sulfonic acid9 , 
m.p. 232°-233°, showed t..liem to be the same. 
A number of failures to replace the sulfonic group of dibenzofuran-2-
sulfonic acid by nitro, carboxylic, bromo or chloro groups are reported, 
as well as attempts to replace the sulfinic group by a nitro group in di-
benzofuran-2-sulfinic acid. The failure to prepare dibenzofuran-2-sulfonic 
acid by ring closure synthesis is probably due to the ready hydrolysis of 
the sulfonic group under the experimental conditions used. 
Dibenzofuran-2,8-disulfonic acid was sulfonated to yield a dibenzo-
furantetrasulfonic acid; and dibenzofuran-2-sulfonic acid, dibenzofuran-
• Stoermer, Ber., 30, 1711 (1897) . 
•Perkin, J. Chem. Soc., 24, 37 (1871) . 
'Dey and Row, J. Chem. Soc., 123, 3375 (1923) . 
• Zehenter, J. prakt. Chem., 131, 331 (1931). 
•Gilman, Smith and Oatfield, J. Am. Chem. Soc., 56, 1412 (1934). 
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2,8-disulfonic acid, and dibenzofurantetrasulfonic acid were hydrolyzed 
with sulfuric or hydrochloric acid under varying conditions to yield di-
benzofuran. 
Alkali fusions of dibenzofuransulfonic acids yielded no hydroxydi-
benzofuran compounds. Chlorination and bromination of dibenzofuran-
2,8-disulfonic acid gave products suspected of having a powerful vesicant 
action. Nitration of dibenzofuran2,8-disulfonic acid gave a nitrodibenzo-
furan-2-sulfonic acid. The sulfonic group of this compound could not be 
removed by hydrolysis to yield a nitrodibenzofuran. Sodium dibenzo-
furan-2-sulfonate was readily mercurated with mercuric acetate and 
treated with sodium chloride to yield sodium chk>romercuridibenzofuran-
2-sulfonate. The chloromercuri group was replaced with bromine. 
The Gattermann-Koch reaction for the introduction of an aldehyde 
group did not proceed with dibenzofuran, but dibenzofuryl-2-aldehyde, 
m.p. 71°-72°, was prepared from dibenzofuran-2-nitrile. An excellent 
method for the preparation of dibenzofuran-2,8-dicarboxylic acid from 
2,8-dibromobenzofuran, via the dinitrile, was developed. 
Lead tetra-acetate had no action on dibenzofuran, and oxidized tetra-
hydrodibenzofuran in part to dibenzofuran. Mercuric acetate also acted 
as an oxidizing agent with tetrahydrodibenzofuran though some unidenti-
fied mercuration products were also produced. 
A number of reagents were used in an endeavor to oxidize 7-nitro-
and 7-acetyl-1 ,2,3,4-tetrahydrodibenzofuran to products of known struc-
ture before the reaction was successfully carried out by means of bromine 
in glacial acetic acid10• 
'
0 Gilman, Smith and Cheney, J. Am. Che-rn.. Soc., 57, 2095 (1935). 
THE OCCURRENCE OF PHOSPHOGLYCERIC ACID IN THE BAC-
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Recent investigations on the biological breakdown of glucose have 
placed in question the intermediary role of methylglyoxal. The work of 
Embden, Meyerhof and others has produced convincing evidence that 
glucolysis in yeast and muscle involves phosphorylated intermediaries, 
such as phosphoglyceric acid, in place of methylglyoxal. The work re-
ported here was undertaken to determine whether phosphoglyceric acid 
occurs in bacterial glycolysis. 
In order to determine some of the variables affecting the formation 
of phosphoglyceric acid, a number of experiments were carried out with 
yeast. Fresh yeast was incubated at 37°C. in mixtures of phosphate buffer 
(pH 6.8), glucose, hexosediphosphate, acetaldehyde, sodium fluoride, mag-
nesium chloride and toluene. The phosphoglyceric acid was isolated by 
precipitation as the barium salt. The acid probably arises by the follow-
ing reaction, for which hexosediphosphate acts as a catalyst: 
(1) glucose+ 2 H 8P04 + 2 CH3CHO ~ 2 triosephosphate + 
2 CH3CHO ~ 2 phosphoglyceric acid + 2 CH3CH20H. 
It was found that variations in time and the concentrations of acetaldehyde 
and fluoride markedly influence the formation of the phosphate ester, and 
that there exist complex interactions among these variables. There was a 
significant correlation between uptake of inorganic phosphate and yield of 
phosphoglyceric acid salt. In working up the reaction mixtures and un-
known yellow amorphous precipitate was found. The quantity of this 
precipitate correlated inverse]y with the yield of phosphoglyceric acid and 
phosphate uptake. 
For the experiments with bacterial glycolysis, the organisms were 
cultured in appropriate liquid media and centrifuged out, and the result 
ing moist cell paste was used as in the above method for yeast. Phospho-
glyceric acid was isolated from all the bacteria studied except Clostridium 
butylicum. The species include Propionibacterium pentosaceum, P. arabi-
nosum, Escherichia coli, Aerobacter indologenes, Bacillus subtilis, Serratia 
marcescens, I,actobacillus plantarum, I,. pentoaceticus, Streptococcus 
paracitrovorus and Azotobacter vinelandii. Ease of formation of the acid 
was roughly in the order named, although the optimal conditions for B. 
subtilis, S. marcescens and A. vinelandii were not determined. The uptake 
of phosphate and quantity of phosphoglyceric acid formed showed a sig-
nificant correlation. It is noteworthy that a great deal more phosphate 
was esterified than could be accounted for in the phosphoglyceric acid 
1 Original thesis submitted December, 1936. Doctoral thesis number 415. 
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obtained. The excess phosphate may have been held as triose or hexose 
esters, probably precursors of phosphoglyceric acid. This supposition is 
supported by the fact that if the mixtures were allowed to stand for sev-
eral days at S°C. after the regular incubation time, there was a substantial 
increase in the amount of acid that was isolated, with no corresponding 
increase in phosphate uptake. 
Although no phosphoglyceric acid was obtained with Cl. butylicum, 
large amounts of a yellow precipitate occurred. This unknown substance 
appeared to be similar if not identical to the precipitate formed by yeast. 
However, the quantities of the precipitate formed by CZ. butylicum corre-
lated directly with the phosphate uptake, while yeast with the correlation 
was an inverse one. The unknown compound dried to a glue-like mass, 
and was very resistant to hydrolysis. 
Several of the organisms which form phosphoglyceric acid readily 
were chosen for study in relation to the effect of aging, aeration, etc. It 
was found that if the organisms were centrifuged from the culture medium, 
kept at S°C. in a covered container q.nd used subsequently to produce 
phosphoglyceric acid, there was a noticeable decrease in yield after one 
day and a corresponding decrease thereafter. Cells dried in air formed 
some ester under favorable conditions, but did not compare with fresh 
cells in this regard. If the reaction mixtures were aerated during the in-
cubation period, the yield of acid was measurably increased, while if the 
experiment was carried out in the presence of nitrogen a decrease in yield 
usually resulted. The effect of aeration may have been due to the action 
of oxygen in supplementing acetaldehyde as a hydrogen acceptor. 
The use of such compounds as hexosediphosphate, acetaldehyde, 
sodium fluoride and toluene aided greatly in obtaining phosphoglyceric 
acid. However, it was shown that no one of these is indispensable. In the 
case of hexosediphosphate it was found that if phosphoglyceric acid can 
be isolated with the hexose ester present, it can be isolated from glucose 
alone. It was necessary to precede the regular incubation time by a phos-
phorylation period in which the organisms, glucose, phosphate buffer and 
toluene were present. After a few hours there was sufficient hexosedi-
phosphate formed from the glucose to catalyze reaction l; and at this point 
sodium fluoride and acetaldehyde were added to cause the accumulation 
of phosphoglyceric acid. 
Acetaldehyde is not necessary for isolation of phosphoglyceric acid, 
and may be replaced by other hydrogen acceptors. In fact, the ester was 
obtained in small quantities with no added hydrogen acceptor present, as 
in equation 2. 
(2) glucose + 2 H3P04 ~ 2 triosephosphate ~ a-glycerophosphoric 
acid + phosphoglyceric acid. 
With the propionic acid bacteria it was found that pyruvic acid could re-
place acetaldehyde and give increased yields of phosphoglyceric acid. 
Propaldehyde also acted as an acceptor, but was not so effective as acetal-
dehyde. Acetylmethylcarbinol and lactic acid had no effect. However, 
with E. coli and A. indologenes acetylmethylcarbinol gave much larger 
yields than acetaldehyde, while pyruvic acid was slightly inferior to the 
latter. 
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Toluene was replaced by xylene or chloroform with no decrease in 
formation of phosphoglyceric acid. If toluene or similar reagents were 
omitted it was still possible to obtain some ester under favorable condi-
tions, accompanied by phosphate uptake. This fact is evidence that phos-
phorylation is concerned with glucolysis in the living cell and not limited 
to toluene-treated or dried organisms as some workers have claimed. In 
the presence of toluene and the absence of sodium fluoride it was possible 
to obtain a very small amount of phosphoglyceric acid. In the absence of 
both toluene and fluoride or like reagents no ester was isolated. Appar-
ently some abnormal treatment is necessary in order to break into the 
reactions of glycolysis and cause sufficient accumulation of a phosphory-
lated intermediary for its isolation. 
This invetigation has ~hown that phosphoglyceric acid occurs under 
a variety of conditions in the glycolysis of all the bacteria studied, with 
the exception of Cl. butylicum. Therefore, many bacteria must possess 
the necessary enzyme equipment to produce phosphoglyceric acid, and 
this compound may well be an intermediary in their glycolytic processes. 
The present bacterial fermentation schemes should be reinvestigated with 
a view to including phosphoglyceric acid. 
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White grubs belonging to the genus Phyllophaga Harris include a 
large number of beetles popularly known as "June-bugs" or "May-
beetles" whose larvae are the common white grubs of the fields. From an 
economic point of view, the depredations of both the larvae and adults 
are well known. 
The genus is indigenous to the Western Hemisphere and ranges from 
the Hudson Bay south to Argentine, including the West Indian Islands. 
Thirty-four species have been recorded from Iowa. These are listed in the 
order of numerical numbers as determined by records of specimens col-
lected at random: Phyllophaga hirticula (Knoch), P. implicita (Horn), 
P. fusca (Froel.), P. tristis (Fab.), P. futilis (Lee.), P. rugosa (Meis.), P. 
inversa (Horn), P. crassissima (Blanch.), P. horni (Smith), P. anxia 
(Lee.), P. drakii (Kirby), P. fraterna Harris, P. ilicis (Knoch), P. micans 
(Knoch), P. crenulata (Froel.), P. marginalis (Lee.), P. prunina (Lee.), 
P. congrua (Lee.), P. fervida (Fab.), P. nitida (Lee.), P. balia (Say), P. 
bipartita (Horn), P. fosteri (Burm.), P. corrosa (Lee.), P. vilifrons (Lee.), 
P. barda (Horn), P. lanceolata (Say), P. longitarsa (Say), P. gracilis 
(Burm.), P. quercus (Knoch), P. spreta (Horn), P. ephilida (Say), and 
P. hirtiventris (Horn). It is worthy of special note that the first six species 
of the foregoing list are the dominate forms in all three broods. 
In an attempt to determine the efficiency of insecticides as a practical 
measure of poisoning adults, several different kinds of stomach poisons 
were dusted or sprayed on foliage normally used by the beetles as food. 
The treated foliage was then offered the following species of beetles: 
P. implicata, P. hirticula and P. rugosa. 
The materials used as dusts were applied in the following propor-
tions: 1.5 pounds (light application), 3 pounds (moderate application), 
4.5 pounds (heavy application). All poisons except sodium fl.uosilicate 
contained two parts by weight of the commercial insecticide to three parts 
of finely powdered bentonite. The sodium fl.uosilicate was a proprietary 
product. The lead and calcium arsenate sprays were used at the rate 
of one or two pounds of the poison to 50 gallons of water . The latter com-
pounds were also tested as dusts on trees in the field. 
Sulphur, whiting substance, hydrated lime, diatomaceous earth, 
kaolin, and lead arsenate which have little or no toxic effect on adults 
were used in parallel experiments without poisons. 
One-half of the beetles were offered poisoned foliage for one night 
only, whereas the remaining half received the treated leaves for two 
nights in succession. 
1 Original thesis submitted Jl.lne, 1937. Doctoral thesis number 435. 
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The percentages of the beetles dead after feeding one or two nights 
upon leaves dusted with applications of the poison were as follows: 
Lead arsenate-light, 74.90; moderate, 81.95; heavy, 88-98. 
Calcium arsenate-light, 15-52; moderate, 36-70; heavy, 51-84. 
For leaves sprayed with the poison, the percentages were as follows: 
Lead arsenate-one pound, 12-40; 2 pounds, 62-70. 
Calcium arsenate-one pound, 34-48; 2 pounds, 28-38. 
Magnesium arsenate and sodium fl.uosilicate were not highly toxic 
to the beetles. 
When used alone the diluent dust compounds caused no significant 
mortalities. Highest mortalities were obtained when poisoned food was 
offered for two nights in succession. Experimental evidence seemed to 
indicate that not all the beetles fed in the cages when the poisoned foliage 
was offered for only one night. 
A median lethal dose for paris green, cuprous cyanide, arsenious 
oxide, and acid lead arsenate were, respectively, 0.03, 0.04, 0.06, and 0.12 
milligrams per gram body weight. Many individuals in these tests regurgi-
tated copiously after feeding upon the poisoned folaige. Only one of the 
beetles, and this one fed on leaves treated with paris green, survived after 
regurgitation. Nearly half the females laid fertile eggs after having in-
gested foliage with lead arsenate. The 50 per cent survival point was 
reached in about 8 hours for paris green and cuprous cyanide; in about 13 
hours for arsenious oxide; and in about 20 hours for lead arsenate. 
White grub migration and hibernation were studied in Iowa during 
the years 1930-1934. The records for 1930-1932 were from Decatur 
County, and for 1933-1934 from Floyd County. The dates for the initial 
start and completed downward migration were as follows: 1930, Oct. 
15-17 to Nov. 14; 1932, Oct. 23 to Nov. 17; 1933, Oct. 30 to Nov. 16. The 
dates for the upward migration were: 1931, April 7-16 to May 19; 1933, 
April 1-9 to May 10; 1934, April 27 to May 5, incomplete. During the 
latter year many larvae never migrated upward in the spring to feed 
before pupating in their hibernation cells. 
Larvae collected at fall migration time were liberated in an unplowed 
field to determine the rate of downward migration. These individuals 
were then dug up at regular intervals to determine the rate and distance 
traveled. The migration was almost vertically downward. The rates of 
the downward movement were as follows: 24 hours, 1-10 inches, mean 
5.3 inches; 48 hours, 4-15 inches, mean 9.4 inches; 72 hours, 2-20 inches, 
mean 11.9 inches; 96 hours, 5-18 inches, mean 11.1 inches. 
The hibernation depths of the larvae during 1930 were: bluegrass, 
7-22 inches, mean 14.4; timothy, 13-24 inches, mean 15.5; corn, 10-22 
inches, mean 19.1. In 1932 the depths were: : bluegrass, 9-24 inches, mean 
14.5. In 1933 the depths were: bluegrass, 9-30, mean 17.9; corn, 1-30 
inches, mean 17 .5 inches. 
The pupation depths in 1930 were: 5-15 inches, mean 10.9 inches; in 
1931, 3-17 inches, mean 11.5 inches; in 1934, 2-31 inches, mean 19.1 inches. 
In 1931 the first prepupa was found on July 2, the first pupa July 24, 
and the first adult August 20. In 1934 the first prepupa was found June 
28, the first pupa July 6, and the first adult August 4. 
The parasites, Tiphia sp. and Elis sp., were encountered many times 
during these studies. The pupation depths for these insects were: 1930, 
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1-16 inches, with a mean of 7.3 inches; 1931, 3-17 inches, with a mean of 
12.3 inches. 
Observations on adult beetles indicates that the starting time of the 
evening flight varies from 7: 55-8.21 p. m., the morning flight from 3: 25-
4: 15 a. m. The evening flight extends over a period of about 50 minutes, 
the peak being 15-20 minutes after the first beetle issued from its hiding 
place. 
The habits of the diurnal beetle, P. lanceolata, was studied in some 
detail. This species appears to feed on a larger number of plants than 
other species studied. The males may be attracted by crushing a female, 
or by the vapor of the aromatic compound isoamylamine. 
The females of P. lanceolata contained an average of 27 eggs when 
dissected on June 26, 1934. Laboratory tests showed that this species de-
posited eggs most freely in jars containing air-dried soil to which 25 per 
cent by weight of water had been added. 
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I. DIBENZOFURAN DERIVATIVES 
In connection with a series of studies on the orientation of dibenzo-
furan derivatives2 , the writer investigated the bromination reaction of 2-
and 4-hydroxy- and 4-acetaminodibenzofurans. 
I Bromination of 2-hydroxydibenzofuran yielded principally 1-bromo-
2-hydroxydibenzofuran (m.p. 123-123.5°), and some of the isomeric 
2-hydroxy-3-bromodibenzofuran isolated as 2-methoxy-3-bromodibenzo-
furan (m.p. 172°). Methylation of 1-bromo-2-hydroxydibenzofuran 
yielded 1-bromo-2-methoxydibenzofuran (m.p. 117-118°) . 
Bromination of 2-methoxydibenzofuran yielded principally 2-me-
thoxy-3-bromodibenzofuran and some of the isomeric 1-bromo-2-methoxy-
dibenzofuran. The structure of 2-methoxy-3-bromodibenzofuran was 
proved by its synthesis from the previously established 2-amino-3-bromo-
dibenzofuran20 through diazotization, replacement of the diazonium group 
by hydroxyl to yield 143-144° melting 2-hydroxy-3-bromodibenzofuran, 
and methylation. 
The reaction of allyl bromide with the Grignard reaction of l-bromo-
2-methoxyldibenzofuran yielded 1-allyl-2-methoxydibenzofuran (m.p. 
67-68°). The Claisen allyl ether arrangement of 2-allyloxydibenzofuran 
yielded 83° melting 1-allyl-2-hydroxybenzofuran, ·whose methylated de-
rivative (m.p. 67-68°) was found identical with the reaction product of 
allyl bromide with the Grignard reagent of the 117-118° melting1-bromo-
2-methoxydibenzofuran. 
Evidence for the structure of 1-allyl-2-methoxydibenzofuran, and 
hence of 1-bromo-2-hydroxydibenzofuran, rests upon the assumption that 
the allyl ether rearrangement, as shown by Claisen3 , is a reliable ortho re-
arrangement. Thus, the phenol obtained by pyrolysis of 2-allyl-oxydi-
benzofuran can be only 1- or 3-allyl-2-hydroxydibenzofuran; but its 67-80° 
melting methylated derivative was also obtained by conversion, not from 
the established 172° melting 2-bromo-3-methoxydibenzofuran, but from 
the methyl ether of the 123-123.5° melting monobromination product of 
2-hydroxybenzofuran. Hence, in the allyl ether rearrangement of 2-allyl-
oxydibenzofuran, the possibility of migration of the allyl group .to the 3-
position is excluded and only the 1-position can be involved. 
' Original thesis submitted August, 1936. Doctoral thesis number 406. 
•a Gilman, Smith and Oatfield, J. Am. Chem. Soc., 56, 1412 (1934). 
b Gilman and Young, ibid., 56, 1415 (1934). 
c Gilman, Brown, Bywater and Kirkpatrick, ibid., 56, 2473 (1934). 
d Gilman, Bywater and Parker, ibid., 57, 885 (1935) . 
e Gilman and Young, ibid., 57, 1121 (1935) . 
f Gilman, Smith and Cheney, ibid., 57, 2095 (1935). 
• Claisen, Ber., 45, 3159 (1912); Claisen and Eisleb, Ann., 401, 21 (1913); Claisen, 
Eisleb and Kramers, Ann., 418, 69 (1919). 
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2-Methoxy-8-bromodibenzofuran (m.p. 92.5°) was prepared by ring 
closure of 2-amino-4-bromo-4'-methoxydiphenyl ether. 
Bromination of 4-hydroxydibenzofuran yielded a monobrominated 
derivative (m.p. 151.5-152°), whose structure is certainly 1- or 9-bromo-
4-hydroxydibenzofuran, and most probably 1-bromo-4-hydroxydibenzo-
furan. Methylation of 151.5-152° melting 1-bromo-4-hydroxydibenzofuran 
yielded 1-bromo-4-methoxydibenzofuran (m.p. 97-98°), identical with the 
bromination product of 4-methoxydibenzofuran. 
Bromination of 4-acetaminodibenzofuran occurred smoothly, giving 
an excellent yield of 1-bromo-4-acetaminodibenzofuran (m.p. 228°), very 
little if any isomer formation being involved. 1-Bromo-4-aminodibenzo-
furan (m.p. 119-120°) was obtained by alkaline hydrolysis of 1-bromo-
4-acetaminodibenzofuran. Conversion of the 1-bromo-4-amine to 1-
bromo-4-hydroxydibenzofuran proves that bromination of 4-acetamino-, 
4-hydroxy-, and 4-methoxydibenzofuran takes place in the same position. 
Deamination of 1-bromo-4-aminodibenzofuran yielded 1-bromodi-
benzofuran (m. p. 67°), the first reported 1-monosubstituted dibenzofuran. 
The structure of 1-bromodibenzofuran rests upon its dissimilarity from 
the previously established 2-, 3-, and 4-bromodibenzofurans. 1-Carboxy-, 
1-carbomethoxy-, 1-hydroxy-, 1-amino-, and 1-acetaminodibenzofurans 
were prepared from 1-bromodibenzofuran. In each instance, the 1-substi-
tuted derivative differed from the corresponding 2-, 3-, and 4-substituted 
derivatives. 
The synthesis of 1-bromodibenzofuran from the 119-120° melting 1-
bromo-4-aminodibenzofuran proves that the bromination of 4-acetamino-
dihenzofuran involves the 1- or 9-positions; 1- or homosubstitution is 
strongly indicated by consideration of the pronounced ortho and para 
directing influence of the acetamino group. 
Nitration of 1-carbomethoxydibenzofuran (m.p. 63°) yielded 3- or 
7-nitro-1-carbomethoxydibenzofuran (m.p. 216°). Nitration in the 3- or 
7-position was proved by isolation of 3-nitrodibenzofuran upon decar-
boxylation of the nitro-acid. 
II. PHENOTIIlAZINE DERIVATIVES 
Continuing a series of studies on the metalation of unsaturated hetero-
cycles 2b,ie,4, n-butyl-lithium metalation of 10-ethylphenothiazine5 and 
subsequent carbonation gave a small purified yield of monocarboxy-10-
ethylphenothiazine (m.p. 178-179°). The structure of this monocarboxy-
acid was not proved, but the possibility of 3-metalation was excluded by 
the preparation of 3-carboxy-10-ethylphenothiazine which melted at 197.5-
198.50 and was dissimilar from the 178-179° melting isomer. 
3-Carboxy-10-ethylphenothiazine was prepared by carbonation of the 
Grignard reagent of 3-iodo-10-ethylphenothiazine (m.p. 126-127°), which, 
in turn, was synthesized from Finzi's 3-acetoxymercuri-10-ethylpheno-
thiazine6. 
•Gilman and Kirby, J. Org. Chem., 1, 146 (1936). 
'New international rules for numbering ring systems used. Patterson, J. Am. 
Chem. Soc., 47 540 (1925); ibid., 50, 3074 (1928). 
6 Finzi, Gazz. chim. tal., 62, 175 (1932) (C. A. 26, 4338, (1932). 
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By analogy with the metalation of 5-ethylcarbazole ortho to the ter-
tiary nitrogen atom*, metalation of 10-ethylphenothiazine ortho to the 
nitrogen atom, or in the !-position, is .indicated. 
In comparison with dibenzofuran 2b• 20, 10-ethylpenothiazine under-
goes n-butyl-lithium metalation with difficulty, but mercurates with ease. 
FURANIC AND RELATED HETEROCYCLIC DYES AND COLORED 
MOLECULES1 
MARIAN WESTON VAN Ess 
From the Department of Chemistry, Iowa State College 
Accepted for publication June 28, 1937 
I. FURAN DERIVATIVES 
In a study of 5-nitro-2-furoic acid, Hill and White2 found that this 
acid reacted with two equivalents of aniline hydrochloride in aqueous 
sodium acetate solution to give a red product, which was resolved into 
two constituents. The main fraction, a yellow compound, C16H 130N8, 
melted at 232° with decomposition when rapidly heated. The red minor 
product, C17H 130 3N3 , melted at 216° with decomposition. The yellow body 
on reduction gave ammonia, aniline, and succinanil. The findings of these 
investigators were checked in this laboratory by R. J. Vander Wal, who 
suggested that the yellow dye might be l-phenyl-5-benzeneazo-2-pyrrolol. 
He also prepared the yellow compound from 2-nitrofuran. The writer 
continued the investigation from this point. 
Vander Wal's proposed structure for the yellow compound was con-
firmed by synthesizing the compound by the oxidation of l-phenyl-2-
benzeneazopyrrole. A monoacetyl derivative was prepared; it melted at 
197°. The yellow compound was hydrolyzed by prolonged refluxing with 
hydrochloric acid, but only one product, aniline, was identified. 
The red compound was shown to be non-acidic. It did not form a 
quinoxaline derivative with o-phenylenediamine. The orange monoacetyl 
derivative melted at 195°. Aniline was identified among the reduction 
products of the red compound, but more significant was the hydrolysis 
with aqueous alkali to give aniline and l-phenyl-3, 5-dicarboxypyrazole 
in good yields. The l-phenyl-3,5-carboxypyrazole was thought to be pro-
duced by a secondary reaction from the monophenylhydrazone of a,a'-di-
ketoglutaric acid, since the pyrazole nucleus could not be present in the 
non-acid original compound. The red compound was assigned the struc-
ture, l-phenyl-2,3,5,6-piperidinetetrone 3-phenylhydrazone, since this 
formula represents the anil of a-phenylhydrazono-a'-ketoglutaric acid. 
The mechanism of the reaction by which the red and yellow com-
pounds were formed from 5-nitro-2-furoic acid was also studied. The first 
step is apparently the formation of the aniline salt of nitrofuroic acid, since 
this salt precipitated out if the reaction mixture was too concentrated. 
The salt also serves satisfactorily as starting material for the reaction. 
The second step, by analogy with the reaction of furfural and other furan 
derivatives with amines, is thought to be ring scission in which the oxygen 
bridge is broken by the addition of aniline, the anilino group going to the 
carbon holding the nitro group, and the hydrogen forming an hydroxyl 
group on the carbon holding the carboxyl group. The nitro group is then 
'Original thesis submitted August, 1936. Doctoral thesis number 405. 
2 Hill and White, Am. Chem. J., 27, 193 (1902). 
[167] 
168 MARIAN WESTON VANESS 
presumably replaced by hydroxyl, possibly similar to the loss of halogen 
when 5-bromo- or 5-chlorofufural undergoes ring scission with aniline3• 
The aliphatic compound thus formed is then thought to undergo ring clos-
ure in two fashions to give l-phenyl-2-hydroxy-5-carboxypyrrole and 1-
phenyl-3,5-dihydroxy-2-pyridone (or tautomeric forms of these com-
pounds). These two heterocyclic compounds may then couple with ben-
zenediazonium hydroxide in a manner similar to the established behavior 
of like compounds to give the yellow and the red compounds, respectively. 
The presence of benzenediazonium chloride in the reaction mixture was 
demonstrated by carrying out the reaction in the presence of ,B-naphthol 
and isolating from the products the known 1-benzeneazo-2-hydroxynaph-
thalene. 
II. DIBENZOFURAN DERIVATIVES 
As a part of a general study of the orientation of substituents in the 
dibenzofuran nucleus, the writer undertook the investigation of the 
coupling reactions of the 2-, 3-, and 4-hydroxibenzofurans with ben-
zenediazonium chloride. I-Benzeneazo-2-hydroxydibenzofuran crystal-
lized in red needles, insoluble in alkali, melting at 165.5-166°. 2-Ben-
zeneazo-3- hydroxydibenzofuran was also insoluble in alkali, but golden 
brown in color, and melted at 177-178°. The yellow-orange 1-benzeneazo-
4-hydroxydibenzofuran was soluble in alkali and had a melting point of 
174-175°. Th structures of these dyes were established by reduction to 
the corresponding amino derivatives, which were converted to the known 
hydroxy-bromo compounds by the Sandmeyer reaction. 
As a continuation of the work of Hayes4 , the writer further examined 
the orientation of substituents upon nitration and bromination of 4-carbo-
methoxydibenzofuran. Hayes' 2- (or 8) -bromo-6-carbomethoxydibenzo-
furan was definitely established as 2-bromo-6-carbomethoxydibenzofuran 
by comparing it as the ester and as the acid with a sample prepared by 
ring closure of 2-amino-6-carboxy-4'-bromodiphenyl ether. 2-Bromo-4-
methyldibenzofuran, m.p. 106-106.5°, was also prepared by a similar ring 
closure, but was not successfully oxidized to 2-bromo-4-carboxydibenzo-
furan. 
The structure of Hays' 3- (or 7-) nitro-6-carbomethoxydibenzofuran 
was proved to be 3-nitro-6-carbomethoxydibenzofuran by establishing a 
structural relationship with the now known 2-bromo-6-carbomethoxydi-
benzofuran. The same compounds, later shown to be 2-bromo-3-acetamino-
6-carbomethoxydibenzofuran, m.p. 247-247.5°, was prepared from both of 
these esters, thus proving the nitro-ester to be 3-nitro-6-carbomethoxy-
dibenzofuran. 2-Bromo-6-carbomethoxydibenzofuran was nitrated to give 
nitro-2-bromo-6-carbomethoxydibenzofuran, m.p. 205-206°, which by re-
duction and acetylation gave the previously mentioned bromo-acetamino-
ester. This same nitro-2-bromo-6-carbomethoxydibenzofuran was hydro-
lyzed to the corresponding acid, which when decarboxylated also lost its 
halogen atom to yield 3-nitrodibenzofuran. Since it was known by the re-
lationship to Hayes' nitro-ester that the bromo-nitro-ester was either 2-
bromo-3-nitro-6-carbomethoxydibenzofuran or 2-bromo-7-nitro-6-carbo-
methoxydibenzofuran, it was certain that decarboxylation involved tran-
• Hewlett, Doctoral Dissertation, Library, Iowa State College, 1930. 
'Hayes, Thesis, Library, Iowa State College, 1934. 
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siently either 2-bromo-3-nitro- or 2-bromo-7-nitrodibenzofuran. It was 
then shown that under the conditions of decarboxylation, 2-bromo-7-nitro-
dibenzofuran was entirely stable, whereas 2-bromo-3-nitrodibenzofuran 
was converted to 3-nitrodibenzofuran. Hence it was concluded that the 
bromo-nitro-ester was 2-bromo-3-nitro-6-carbomethoxydibenzofuran, and 
the bromo-acetamino-ester prepared from it by reduction and acetylation 
was 2-bromo-3-acetamino-6-carbomethoxydibenzofuran. Hayes' 3- (or 7-) 
nitro-6-carbomethoxydibenzofuran was reduced to the amine and acety-
lated to give a product melting at 245-246°, which upon bromination gave 
2-bromo-3-acetamino-6-carbomethoxydibenzofuran. 
The findings of this study are in harmony with the general rules of 
orientation in the dibenzofuran series, that heterosubstitution will take 
place when one ring is previously occupied by a meta-director, or to a 
somewhat lesser extent when a halogen substituent is present; and that 
in heterosubstituted dibenzofurans, the second substituent, be it like or 
unlike the first, is directed to the positions involved in the monosubstitu-
tion of the nucleus itself. 
THE BUTYL-ACETONIC FERMENTATION OF THE JERUSALEM 
ARTICHOKE1 
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Levulose is readily fermentable by Cl. acetobutylicum producing the 
usual solvents, butanol, ethanol and acetone, and, since the acid hydro-
lyzed juices of the artichoke tuber contain significant amounts of levulose, 
attempts were made to produce successful butyl-acetonic fermentations 
of these artichoke hydrolyzates. 
While the fresh tubers of the artichoke were not readily available, 
there was access to a large supply of dried artichoke chips which consti-
tuted a satisfactory source of the desired sugars. For the purpose at hand 
these chips were either extracted with hot water in a diffusion battery, or 
were ground and used directly in the fermentation media. To facilitate 
storage of the diffusion juice, large batches were concentrated by vacuum 
evaporation. Mold growth on the surface of the syrup could be prevented 
by the introduction of carbon dioxide into the storage vessel. 
Since the butyl organisms hydrolyze starch so readily, it was thought 
that they might also hydrolyze the levulose polysaccharides of the arti-
choke juices. To test this possibility, experiments were arranged in which 
both the diffusion juices and the sludge were varied, and several cultures 
of butylacetone organisms producing satisfactory yields of solvents in 
corn mash were used for inoculation of the media. The fermentations 
resulting were not vigorous and the solvent yields were inappreciable. It 
was thus apparent from these experiments that the polysaccharides of the 
artichoke cannot be fermented directly by the butyl organisms. 
Next in order of the investigation was the fermentation of the vari-
ous hydrolyzed juices. Hydrolysis of the diffusion juice and the chip 
sludge was accomplished by the use of hydrochloric or sulfuric acid, ac-
cording to Eichinger's method (1). These various hydrolyzates were 
diluted so that the reducing sugar concentration ranged from 2 to 10 per 
cent, the liquors were sterilized in Erlenmeyer flasks, and then inoculated 
with butyl cultures growing in 5 per cent corn mash. The fermentatitive 
activity was better than that observed in the unhydrolyzed juices, but 
the solvent yields, as determined by the specific gravity measurement of 
the distillate, and by the method of Christensen and Fulmer (2) were 
only 20 to 30 per cent of the sugar present. 
These results led to the belief that the artichoke juices do not contain 
the nitrogenous materials which the butyl organisms require for normal 
solvent production. Accordingly, various protein supplements in the form 
of corn mash and soy bean meal were added to the hydrolyzates. The fer-
mentations of these protein supplemented hydrolyzates were much more 
active than the others de~cribed above. Table 1 shows the composition 
of the media and the solvent yields obtained by replacement of corn mash 
1 Original thesis submitted June, 1937. Doctoral thesis number, 436. 
[170] 
BUTYL-ACETONIC FERMENTATION 171 
by various amounts of artichoke hydrolyzate. The solvent yields ranged 
from 36.5 to 39.6 per cent and there is no significant decline in solvent 
yields up to the point where the levulose of the hydrolyzate constitutes 
72.5 per cent of the total sugar. 
TABLE 1. Fermentation of hydrolyzates supplemented by corn mash 
I Flasks 
1 I 2 I 3 4 5 
Amount of corn meal, grams 220.0 180.0 140.0 100.0 60.0 
Artichoke hydrolyzates, cc. 0 380.0 760.0 1140.0 1250.0 
Final volumes, cc. 3325.0 3390.0 3400.0 3345.0 3400.0 
Dextrose equivalent, g. 134.4 109.96 85.5 61.1 36.6 
Levulose in the juice, g. 0.0 28.1 56.2 84.3 92.2 
Total sugar, g. 134.4 138.06 141.7 145.4 128.8 
Total solvents, g. 53.2 52.78 52.60 53.00 48.62 
Yield of solvents from total 
. sugar, per cent 39.6 38.2 37.2 36.5 37.8 
In subsequent experiments the quantity of hydrolyzate was increased 
to the point of 85 to 90 per cent replacement of the corn mash before there 
was any appreciable decrease in the percentage conversion of total sugar 
to solvents. 
The results obtained after the addition of soy bean meal to the 
hydrolyzates are given in table 2. The first 9 flasks received 650 cc. of 
hydrolyzate, equivalent to 22.75 g. of sugar, together with the amounts of 
soy bean meal indicated. Number 10 was the control and contained 45 g. 
of corn equivalent to 27.90 g. of dextrose. Solvent yields were determined 
by the specific gravity measurements of the distillates, and also by the 
standard acetone titration. 
TABLE 2. Influence of soy bean meal on the fermentation of artichoke hydrolyzate 
Solvents g. per Total Percentage 
Flask Soy bean content 100 cc. of distillate solvents g. yield from 
No. g. Pctg. Acetone Total per flask the sugar 
1 0 0 0.51 1.61 4.83 21.2 
2 3 0.37 0.72 1.79 5.69 25.1 
3 5 0.62 0.95 2.41 7.36 32.4 
4 8 0.95 1.09 2.84 8.65 38.0 
5 12 1.50 1.11 2.80 8.59 37.3 
6 15 1.88 1.09 2.87 8.69 38.2 
7 20 2.50 1.14 2.86 8.64 38.0 
8 25 3.10 1.01 2.76 8.40 36.9 
9 30 3.70 0.97 2.68 8.15 35.7 
10 Corn mash control 1.18 3.80 11.31 40.6 
The solvent yields reached a maximum when the soy bean concen-
tration was about 0.9 per cent. The yields were of the same order up to 
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about 2.5 per cent soy bean concentration, after which they diminished 
slightly. 
In order ot check the routine analytical methods, and prove that 
butanol, ethanol and acetone are actually the products formed, large scale 
fermentations were carried out to provide sufficient liquor for the separa-
tion and identification of the volatile products. Round bottom flasks of 
22-liter capacity were used, and the solvents from the fermentation of 
hydrolyzates with corn mash, and with soy bean meal were separated by 
distillation and fractionation, and then characterized by the preparation 
of derivatives. In each case the fraction boiling at 55° to 56° was proven 
to be acetone through its 2, 4, dinitro phenylhydrazone, and that boiling 
at 115° to 116° was shown to be butanol through its 3, 5 dinitro benzoate. 
Subsequent work, using 15 to 20 liters of fermenting soy bean hydroly-
zate in the large flasks, showed that the concentration of reducing sugar 
could be increased to about 5.5 per cent before there was any appreciable 
decline in solvent yields. In a particular case where the sugar concentra-
tion was 5.25 per cent and the soy bean content 0.85 per cent, the solvent 
yield from the sugar was 36.8 per cent. 
These results show, (1) that the polysaccharides of the artichoke 
tuber cannot be fermented directly by the butyl organisms, (2) that 
after hydrolysis of the polysaccharides the yield of solvents from fer-
mentation is 20 to 30 per cent of the sugar present, and (3) that the addi-
tion of corn mash or soy bean meal to the hydrolyzates increases the 
yields of solvents to 36 to 39 per cent. The latter figures are those com-
monly observed in the commercial butyl-acetonic fermentation of corn 
mash. 
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Very little theoretical work has been done in the field of piezo-electric 
oscillations. The problem is so complicated by the fact that one is dealing 
with an anisotropic medium that only a few special cases have been 
solved. Most of these have been reduced by approximations to isotropic 
cases. The most important contributors have been Christoffel, Mason 
and Koga. 
It seemed desirable to make as complete a study as possible of the 
type of vibrations occurring most frequently in quartz plates used for 
practical purposes, that is, the vibrations associated with the thickness 
dimensions. 
THEORETICAL 
The methods of tensor analysis were employed because they seemed 
so well adapted to the solution of the problem. 
The tensor representing the stresses is denoted by the symbol, <I>1i· 
This tensor is symmetric. The strains in the medium are defined by the 
equation 
1 (OUa dub) ®ab=- -+-
2 dxb OXa 
where ®ab is the strain tensor, the u's are the displacements in the medium 
and the x's are the coordinates. This tensor is also symmetric. Hooke's 
relation between the stresses and strains is 
<I>1J = C1Jab®ab 
where the e's are the elastic constants of the medium. The e's possess 
symmetry such that a reversal of the first or last pair of indices or of the 
position of the two pairs does not change the value of the constants. 
The equations of equilibrium and motion for elastic media are de-
rived by the usual methods. One has 
. .. d<I>1i F = div <I> or pui = --
dx1 
where F is the force per ur..it volume of the medium. 
By substituting the value of <I> from Hooke's relation into the latter 
equation the following equation is obtained: 
d 
piiJ = -- C1Jab®ab 
OX1 
1 Original thesis submitted July, 1936. Doctoral thesis number 395. 
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and when the value of ®ab in terms of the u's is introduced into this equa-
tion it becomes 
o clua 
pUJ = -- Ct Jab --
OX1 oxb 
when the symmetry properties of the constants are used. 
The oscillator is assumed to be a plate whose x1 dimension is d and 
whose other dimensions are infinite. This allows the assumption of the 
propagation of plane standing waves with harmonic time factors. The 
solution uJ = AJ cos n~"<i etwt is substituted into the differential equation. 
This gives the equations 
pw2d2 
to be satisfied or if--is set equal to k 2 , 
n27r2 
C1Ja1Aa - K 2AJ = 0 
These represent a set of three linear homogeneous equations in the three 
unknowns, the A's or amplitudes of vibration. They can hence have solu-
tions only if the determinant of the coefficients has a value of zero. Set-
ting this determinant equal to zero gives a third order equation in k 2• The 
solution of this equation gives three values of k 2• Substituting these back 
into the A equation gives linear relations between the A's. 
A1 = C1A2 = C2As 
for each value of k 2 • These relations represent the normal modes of 
vibration corresponding to each value of k 2 • No constant values are ob-
tained for the A's indicating that the amplitude of vibration should not 
affect the frequency. The frequency is given by the equation 
w nk 
f=-=--
271" 2dp1 / 2 
Since the coordinate axes chosen are related to the natural axes of 
the crystal only through the elastic constants it is recognized that the 
resonance frequencies corresponding to any orientation can be found if 
the x'1 axis for this orientation is assumed to be normal to the surface of 
the plate and the elastic constants corresponding to that particular set of 
axes are found. 
The elastic constants transform like a fourth order tensor, that is, 
C' abed = laalb,Slc'Yld6CatJ'Y6 
where the l's are the direction cosines between the axes involved. The 
fact that many of the constants for quartz are zero and the symmetry 
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properties of the constants simplifies the work of transformation con-
siderably. 
Because of the symmetry of quartz only one-twelfth of all the pos-
sible orientations needed to be investigated. A sufficient number of 
orientations to permit covering the entire range of possible orientations 
accurately by interpolation were chosen and the values of k calculated 
for them. 
It is evident that since only finite plates could actually be used, that 
some difference can be expected between the theoretical and experi-
mental frequencies. It should be expected that thin plates will, however, 
closely approximate the theoretical predictions. It may be expected that 
because of boundary effects frequencies not predicted by the infinite plate 
theory should appear. It may also be expected that the frequencies of 
the higher order harmonic modes should more closely approximate the 
corresponding theoretical frequencies than should the harmonic modes 
of lower order. 
EXPERIMENTAL 
All of the experimental plates used were finished so that the orienta-
tions were correct within 15' and the surfaces were parallel within one-
thousandth of a mm. 
All measurements of frequencies were carried out by means of the 
filter method, that is, by using the quartz plate as a filter between an oscil-
lator of variable frequency and a sensitive radio frequency voltage meas-
uring device. Both frequency and amplitude of vibration of the plate were 
measured for each mode of vibration. 
A test of the uniformity of quartz was first carried out. Four X-cut 
plates and four Y-cut plates were cut from the same crystal and finished 
to identical dimensions. Two X-cut and two Y-cut plates were also cut 
from different crystals and finished to the same dimensions. The modes 
of vibration of all the plates were found and the frequencies of the differ-
ent plates checked against each other. It was found that both the fre-
quencies and the amplitudes of vibration checked very closely in all cases. 
It was therefore concluded that a plate of a given orientation and given 
dimensions would give the same results no matter what crystal it was 
cut from. 
Since it seemed impractical to check every orientation for which the 
values of K were calculated four orientations were chosen more or less 
at random. As each orientation possessed three modes of vibration this 
gave a total of twelve possible values of k which was thought sufficient 
to check the accuracy of the theory. Four plates were cut in the orienta-
tions chosen and their resonance frequencies measured. The third and 
fifth harmonics were measured whenever it was possible to find them. 
The experimental values of k thus found agree satisfactorily with the 
theoretical values. It is concluded that the infinite plate theory is a satis-
factory approximation for thickness vibrations of a thin plate. It was 
observed as expected that the experimental harmonic frequencies agreed 
more closely with the corresponding theoretical harmonic frequencies as 
the order increased. 
It was found in all cases that many resonant frequencies appeared 
which were not predicted by the infinite plate theory. They tended, how-
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ever, to form groups near the frequencies predicted by the theory. Some 
of these were definitely shown to be associated with the lateral dimen-
sions by experiments carried out which showed the change in the reso-
nance frequencies as the lateral dimensions were changed. 
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A systematic study of the relative reactivities of the organoalkali 
compounds has not been reported in the literature. Because of their ex-
treme reactivity there has been a tendency of workers in this field to 
place them apart as a group of very reactive compounds in which very 
little distinction has been made between their relative reactivities. 
Organometallic compounds react at different rates with various 
groups, and by a judicious choice of the organometallic to be used for 
any synthetic purpose it may be possible to obtain selective reactions in 
which only certain groups of a polyfunctional molecule react to any 
marked extent. These selective types of reactions have not been applied 
to organoalkali compounds in general, but are found particularly in the 
chemistry of organomagnesium compounds which have been studied 
much more intensively. Of the greatest importance to the organic chemist, 
is the ability to predict, with reasonable accuracy, the course of reactions 
of this type, and a knowledge of relative reactivities of the organometallic 
compounds is indispensable in making these prognostications. Gilman and 
Nelson2 have also demonstrated that by the choice of organometallic com-
pounds of appropriate reactivity it is possible to greatly increase the 
yields of many of the products of the reaction. 
A. RELATIVE REACTIVITIES OF 4-DIBENZOFURYLALKALI COMPOUNDS 
The reaction velocities of 4-dibenzofuralpotassium and -sodium with 
fluorobenzene, chlorobenzene, and o-tolunitrile were studied. The pro-
cedure used during the experiments involved the addition of the reactant 
to a standardized diethyl ether solution of the 4-dibenzofurylalkali com-
pound, and subsequently measuring the time required for the reaction to 
reach completion. The end-point of the reaction was determined by the 
color test method with Michler's ketone8• 
The results of the experiments are given in table 1. The numbers, 
with the exception of zero, indicate time in minutes. Zero indicates an 
almost instantaneous reaction. 
B. RELATIVE REACTIVITIES OF TRIPHENYLMETHYLALKALI COMPOUNDS 
The relative reaction velocities of triphenylmethyllithium and -sodium 
with chlorobenzene, fluorobenzene, and o-tolunitrile were determined. 
Standardized diethyl ether solutions of the triphenylmethylalkali com-
pounds were allowed to react with a definite excessive amount of the 
reagent, and the time for the reaction to reach completion was determined 
1 Original thesis submitted July, 1936. Doctoral thesis number 396. 
•Gilman and Nelson, Rec. trav. chim., 55, 518 (1936). 
•Gilman and Schultze, J. Am. Chem. Soc., 47, 2002 (1925) . 
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TABLE 1. Reactions of 4-dibenzofurylalkali compounds with phenyl halides and 
o-tolunitrile 
Fluorobenzene 
Chloro benzene 
o-Tolunitrile 
4-Dibenzofuryl-
sodium 
20, 25. 
25, 30, 30. 
3, 0. 
4-Dibenzofuryl-
potassium 
15, 20, 20. 
35, 40, 30. 
0, 0. 
by the disappearance of the characteristic color of the triphenylmethyl-
alkali compound. The results of the experiments are given in table 2. The 
numbers indicate the reaction time in hours of the run and the check. A 
plus sign after the number indicates that the reaction was not complete 
in the given length of time. 
TABLE 2. Reactions of triphenylmethylalkali compounds with phenyl halides and 
o-tolunitrile 
Chloro benzene 
Bromobenzene 
o-Tolunitrile 
Triphenylmethyl-
lithium 
14, 16, 17. 
10, 8, 12. 
0.04, 0.04. 
Triphenylmethyl-
sodium 
40+, 40+, 
40+, 40+. 
0.02, 0.03. 
C .. RELATIVE REACTIVITIES OF ALKYLALKALI COMPOUNDS 
Equal molar quantities of ethyl-lithium, -sodium, and -potassium 
were allowed to react with a standard excessive amount of dibenzofuran 
in a petroleum ether solution. The reactions were terminated after two 
and one-half hours, by carbonating the reaction mixture with solid carbon 
J dioxide. The extent of the reaction was determined by titrating the re-
, ulting dibenzofurancarboxylic acids with standard sodium hydroxide. 
The more reactive ethylalkali compound yielded the larger quantities of 
dibenzofurancarboxylic acids. The results of these experiments will be 
found in table 3. The numbers indicate the volume in cubic centimeters 
of standard sodium hydroxide required to neutralize the dibenzofuran-
carboxylic acids. The several values indicate check runs. 
TABLE 3. Titration of dibenzofuran acids with standard sodium hydroxide 
Ethyl-lithium 
Ethylsodium 
Ethy !potassium 
0.1 
4.5 
14.1 
0.05 
4.7 
12.6 
4.5 
15.0 
D. RELATIVE REACTIVITIES OF PHENYLETIIlNYLALKALI COMPOUNDS 
The relative reaction rates of the phenylethinylalkali compounds were 
determined by measuring the time required for the organoalkali com-
pound to react with a definite excessive quantity of benzonitrile. Phenyl-
ethinylmagnesium bromide was included in these experiments so that a 
direct comparison of organomagnesium and organoalkali compounds 
could be made. Table 4 summarizes the results of the experiments. The 
values indicate time in hours required for the reaction to reach comple-
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tion. The various values indicate check runs. Two different sets of values 
are given for phenylethinylpotassium. The first values are those that were 
obtained under conditions comparable to the organometallic compounds 
above them. The second values are those that were obtained under con-
ditions similar to those of the compounds given below them. 
TABLE 4. Reactians of phenylethinylalkali compounds with benzonitTile 
Phenylethinylmagnesium bromide 
Phenylethinyl-lithium 
Pnenylethinlsodium 
Phenylethinylpotassium 
Pheny lethiny I potassium 
Phenylethiny !rubidium 
Phenylethinylcesium 
E. MISCELLANEOUS EXPERIMENTS 
87, 85.0 
57, 63.0 
6.5, 7.0 
4.3, 4.5 
5.3, 5.1 
4.8, 5.2 
3.7, 3.6 
I . REACTIONS WITH SODIUM-POTASSIUM ALLOY 
Sodium-potassium alloy was allowed to react with 2-phenyl-iso-propyl 
methyl ether, triphenylmethyl ethyl ether, diphenylmethyl methyl ether, 
triphenylmethyl-lithium, tetraphenylethylene, and triphenylmethane. In 
each case the organopotassium compound was formed, and no trace could 
be found of an organosodium compound. This is in accordance with the 
generalization that organopotassium compounds are more reactive than 
the analogous organosodium compounds4 • 
II. CARBONATION OF ORGANOSODIUM COMPOUNDS 
In contrast to organolithium and magnesium compounds\ many 
organosodium compounds can be carbonated at room temperature to give 
excellent yields of the corresponding carboxylic acids. Phenylethinyl-
sodium, -potassium, -rubidium, and -cesium; 4-dibenzofurylsodium; 
phenylsodium; tetraphenylethylenedisodium were carbonated at room 
temperature and yields from 60 to 78 per cent of the corresponding car-
boxylic acids were obtained. 
•Gilman and Straley, Rec. trav. chim., 55, (1936). 
• Gilman and Van Ess, J. Am. Chem. Soc., 55, 1258 (1936). 
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